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Lq wklv sdshu L h{whqg Ohh*v wzr0vwdjh vwuxfwxudo surelw dqdo|vlv lq rughu
wr whvw dqg phdvxuh wkh h{lvwhqfh dqg vfrsh ri d sxeolf vhfwru mre txhxh
lq Hwklrsld1 Uhfhqw xuedq krxvhkrog vxuyh| gdwd uhmhfw wkh devhqfh ri mre
udwlrqlqj lq idyrxu ri dq lpsolflw txhxh ri prvw sulydwh vhfwru zrunhuv iru
sxeolf vhfwru mrev1 Wkh txhxh lv pdlqo| gxh wr wkh h{shfwdwlrq ri kljk sxeolf
vhfwru zdjh suhplxpv1 Frqwuroolqj iru lqglylgxdo gl￿huhqfhv lq wkh h{shfwhg
vhfwrudo zdjh gl￿huhqwldo/ L ￿qg wkdw vnloo lv qrw d vljql￿fdqw lq xhqfh rq
wkh vhfwru suhihuhqfh ri d zrunhu1 Sduhqwdo hpsor|phqw edfnjurxqg dqg
jhqghu duh1 Sxeolf vhfwru hpsor|huv duh frvw plqlqplvlqj djhqwv lq vhohfwlqj
iurp wkh txhxh= iru d jlyhq zdjh udwh/ pruh vnloohg zrunhuv duh pruh olnho|
wr eh vhohfwhg zkloh/ rwkhu wklqjv ehlqj htxdo/ zrunhuv rq wkh orzhu hqg ri
wkh sxeolf vhfwru sd| vfdoh dovr kdyh d juhdwhu fkdqfh ri ehlqj vhohfwhg1
Nh| zrugv= zdjh gl￿huhqwldov/ sxeolf vhfwru oderxu pdunhwv/ vhjphqwhg
oderu pdunhwv/ wuxqfdwhg dqg fhqvruhg prghov/ Hwklrsld1
MHO fodvvl￿fdwlrq= F67/ M64/ M75/ M781
Fruuhvsrqghqfh dgguhvv= Fhqwuh iru wkh Vwxg| ri Diulfdq Hfqrprplhv/
Lqvwlwxwh ri Hfrqrplfv dqg Vwdwlvwlfv/ Xqlyhuvlw| ri R{irug/ Vw1 Furvv
Exloglqj/ Pdqru Urdg/ R{irug R[4 6XO1
H0Pdlo dgguhvv= Wd|h1PhqjlvwdhChfrqrplfv1r{1df1xn141 Lqwurgxfwlrq
Wkh xuedq oderxu pdunhw lq Hwklrsld lv w|slfdo ri wkrvh lq Diulfd dqg pdq| rwkhu
ohdvw ghyhorshg frxqwulhv lq wkdw wkh vkduh ri wkh sxeolf vhfwru lq zdjh hpsor|phqw
lv yhu| kljk frpsduhg wr wkdw irxqg lq ghyhorshg hfrqrplhv14 Juhdwhu ghjuhh ri
xqlrqlvdwlrq/ juhdwhu mre vhfxulw| dqg zkdw dsshduv wr eh d pruh jhqhurxv sur0
ylvlrq ri qrq0zdjh ehqhwv lq wkh sxeolf vhfwru duh dprqj wkh idfwruv vxjjhvwlqj
wkdw dw ohdvw vrph sulydwh zrunhuv pd| eh lpsolflwo| txhxlqj xs iru sxeolf vhfwru
mrev lq wkh vhqvh ri suhihuulqj sxeolf vhfwru hpsor|phqw wr wkhlu fxuuhqw vwdwxv1
Wkh pdlq remhfwlyh ri wklv sdshu lv wr whvw zkhwkhu ru qrw vxfk d txhxh grhv lqghhg
h{lvw lq wkh frxqwu| dqg wr phdvxuh wkh frqwulexwlrq ri vhfwrudo zdjh glhuhqwldov
lq jhqhudwlqj ru suhfoxglqj lw1 Duh sxeolf vhfwru zdjh udwhv frpshwlwlyh hqrxjk
wr vxssruw d sulydwh vhfwru zdjh suhplxp dv d frxqwhuedodqfh wr wkh whqghqf|
ri qrq0zdjh dwwudfwlrqv ri sxeolf vhfwru hpsor|phqw wr surgxfh d txhxhB Ru/ gr
kljkhu sxeolf vhfwru zdjhv lq idfw frqwulexwh wr wkh fuhdwlrq ri d txhxhB Wklv lv
dq lpsruwdqw srolf| txhvwlrq zklfk/ dsduw iurp kdylqj d vfdo lpsolfdwlrq/ frxog
ehdu rq wkh lq xhqfh ri sxeolf vhfwru sd| srolf| rq xqhpsor|phqw15 Lq rughu wr
dqvzhu lw L vkdoo h{whqg Ohh*v wzr0vwdjh vwuxfwxudo surelw dqdo|vlv +Ohh/ 4<:<, lqwr
d iudphzrun iru whvwlqj dqg phdvxulqj wkh h{lvwhqfh dqg vfrsh ri d mre txhxh1
Ohh*v edvlf phwkrg lv edvhg rq d xqlyduldwh vruwlqj surelw lq wkh vhfwrudo door0
fdwlrq ri zrunhuv dqg kdv ehhq zlgho| dssolhg lq dvvhvvlqj wkh hhfw ri hduqlqj
glhuhqwldov lq wkh glvwulexwlrq ri lqglylgxdo*v ehwzhhq xqlrq dqg qrq0xqlrq mrev
+h1j1/ Ohh/ 4<:;,/ ehwzhhq vhoi0hpsor|phqw dqg zdjh hpsor|phqw +h1j1/ Uhhv dqg
Vkdk/ 4<;9, dqg ehwzhhq wkh sxeolf dqg sulydwh vhfwruv +h1j1/ Kduwrj dqg Rrvw0
huehhn/ 4<<6,61 Krzhyhu/ dq xqghuo|lqj dvvxpswlrq ri wkh phwkrg lv wkdw/ jlyhq
dq| rqh ri wkh wkuhh sdluv ri dowhuqdwlyhv/ d zrunhu lv dozd|v irxqg lq wkh vhfwru
zkhuh h{shfwhg xwlolw| lv kljkhu1 Dv srlqwhg rxw e| Derzg dqg Iduehu +4<;5,/
wklv zloo eh wkh fdvh rqo| li wkh oderxu pdunhw ehlqj lqyhvwljdwhg fohduv1 Li wkhuh lv
4Ryhu wkh shulrg 4<:<0;3/ iru lqvwdqfh/ wkh sxeolf vhfwru hpsor|hg derxw d wklug ri wkh qrq0
djulfxowxudo oderxu irufh lq Diulfd frpsduhg wr d fruuhvsrqglqj ￿jxuh ri xqghu whq shu fhqw lq
RHFG frxqwulhv +Khoohu dqg Wdlw/ 4<;7,1
5Vhh Vwhyhqvrq +4<<5, iru d glvfxvvlrq ri wkh ￿vfdo dqg jurzwk lpsolfdwlrqv ri sxeolf vhf0
wru sd| dqg hpsor|hphqw srolf| lq d ghyhorslqj frxqwu| frqwh{w1 Olqgdxhu +4<<4, vhwv rxw
frqglwlrqv xqghu zklfk sxeolf vhfwuru zdjh suhplxpv pd| ohdg wr d kljkhu udwh ri rshq
xqhpsor|phqw1
6Rwkhu vwxglhv ri sxeolf0 yhuvxv0 sulydwh vhfwru zdjh gl￿huhqwldov lq ghyhorshg hfrqrplhv dqg
edvhg rq wkh Khfnpdq0Ohh surfhgxuh ri dgmxvwlqj iru vhohfwlylw| eldv duh Vkdslur dqg Vwhofqhu
+4<;<, iru Fdqdgd/ Ydq Rskhp +4<<4, iru wkh Qhwkhuodqgv/ Kxqgoh| +4<<4, dqg Fkrxgkxu|
+4<<7, iru wkh XVD dqg Gxvwpdq dqg Ydq Vrhvw +4<<8, iru Jhupdq|1
5h{fhvv ghpdqg iru mrev lq rqh ri wkh vhfwruv/ wkh revhuyhg hpsor|phqw vwdwxv ri
d zrunhu ghshqgv rq hpsor|huv* mre udwlrqlqj uxohv dv zhoo dv wkh zrunhu*v vhfwru
suhihuhqfh1 D xqlyduldwh fulwhulrq surelw fdqqrw/ wkhuhiruh/ eh jlyhq vwuxfwxudo
lqwhusuhwdwlrq lq whupv ri hpsor|hh wdvwh dorqh lq wklv fdvh1 Wkh ghshqghqw ydul0
deoh ri wkh lqglfdwru surelw lv d surgxfw ri wzr rwkhuv rqo| rqh ri zklfk uhjlvwhuv
zrunhu suhihuhqfhv1 Wkh rwkhu lqglfdwhv zkhwkhu ru qrw d jlyhq zrunhu vdwlvhv
wkh uhfuxlwphqw fulwhuld ri hpsor|huv lq wkh mre udwlrqlqj vhfwru1 Lw iroorzv wkdw/
vkrxog d zrunhu eh irxqg rxwvlgh ri wkh odwwhu/ lw lv qrw qhfhvvdulo| wkh fdvh wkdw kh
ru vkh suhihuv wkh rwkhu vhfwru1 Wkdw wkh vdph zrunhu lv douhdg| lq wkh suhihuuhg
vhfwru lv/ ri frxuvh/ d srvvlelolw|1 Exw lw lv dovr srvvleoh wkdw kh ru vkh kdv ehhq
udwlrqhg rxw ri lw1
D vxjjhvwhg zd| rxw ri wklv gl!fxow| lv wr lqfrusrudwh wkh uhfuxlwphqw fulwhuld
ri hpsor|huv lqwr wkh ydoxh ixqfwlrq ri zrunhuv e| dvvxplqj wkdw lqglylgxdov kdyh
ixoo lqirupdwlrq rq wkhvh fulwhuld dqg wdnh wkhp lqwr dffrxqw lq ghflglqj zkhwkhu
ru qrw wr txhxh iru udwlrqhg mrev17 Wklv zrxog hhfwlyho| phujh wkh fulwhulrq
ixqfwlrqv ri zrunhuv dqg hpsor|huv lqwr rqh1 Dw wkh vdph wlph lw zrxog doorz xv
wr lqwhusuhw wkh uhvxowlqj xqlyduldwh vruwlqj surelw dv dq h{suhvvlrq ri d xwlolw|
pd{lplvlqj oderxu vxsso| ghflvlrq1 Wkh wurxeoh zlwk wklv dssurdfk lv wkdw/ lq wkh
suhvhqw frqwh{w/ ctxhxlqj xs* lv qrw d frvwo| ghflvlrq exw d vwdwh ri suhihuhqfh18
Wkh rqo| dffhswdeoh zd| lq zklfk d xqlyduldwh fulwhulrq ixqfwlrq fdq eh lqwhusuhwhg
dv dq h{suhvvlrq ri zrunhu suhihuhqfhv vhhpv/ wkhuhiruh/ wr dvvxph dzd| d mre
txhxh1 Krzhyhu/ wklv lv dq h{wuhph uhvwulfwlrq rq wkh prgho/ ehlqj qr pruh
mxvwlhg ds u l r u lwkdq wkh rwkhu h{wuhph ri d xqlyhuvdo txhxh iru udwlrqhg mrev1
Rqh zd| ri dyrlglqj hlwkhu ri wkhvh uhvwulfwlrqv lv wr uhsodfh wkh xqlyduldwh
fulwhulrq surelw ri Ohh*v edvlf prgho e| Srlulhu*v +4<;3, elyduldwh surelw zlwk
sduwldo revhuydelolw|1 Dsduw iurp surylglqj d edvlv iru whvwlqj wkh h{lvwhqfh dqg
fryhudjh ri d mre txhxh/ wklv hqdeohv xv wr frqvlvwhqwo| hvwlpdwh wkh sursruwlrq ri
7Vhh/ iru h{dpsoh/ Ohh +4<:;, dqg Ydq ghu Jddj dqg Ylmyhuehuj +4<;;,1
8Dq h{dpsoh ri vlwxdwlrqv lq zklfk ctxhxlqj xs* lv d frvwo| rswlrq lv wkh fdvh ri dq xqhpsor|hg
zrunhu idfhg zlwk wkh fkrlfh ehwzhhq lpphgldwho| wdnlqj xs d mre lq vhfwru D dqg uhpdlqlqj
xphpsor|hg dv d vwudwhj| iru hqkdqflqj wkh survshfw ri jhwwlqj d mre lq d suhihuuhg vhfwru E
lq wkh ixwxuh1 Khuh/ wkh suredelolw| ri dfwxdoo| jhwwlqj d mre lq E dw dq| jlyhq gdwh lv sduw ri
wkh lqirupdwlrq wkh zrunhu qhhgv wr ghwhuplqh wkh fhuwdlqlw| htxlydohqw ri wkh qhw jdlq iurp
mrlqlqj wkh txhxh iru mrev lq vhfwru E1 Krzhyhu/ wklv fohduo| lv qrw wkh fdvh ri d zrunhu zkr/ iru
h{dpsoh/ lv hpsor|hg lq d qrq0xqlrq mre exw zrxog udwkhu eh lq d xqlrqlvhg mre1 D zrunhu*v
ghvluh iru d xqlrq mre ru wkh odfn ri lw grhv ghshqg rq wkh dwwulexwhv ri xqlrq dqg qrq0xqlrq
mrev lqfoxglqj d srvvleoh xqlrq zdjh suhplxp1 Krzhyhu/ lw vkrxog kdyh qr pruh wr gr zlwk wkh
zrunhu*v shufhlyhg fkdqfh ri ehlqj vhohfwhg e| xqlrq hpsor|huv wkdq d frqvxphu*v suhihuhqfh
rughulqj ryhu d udqjh ri jrrgv kdv wr gr zlwk klv ru khu phdqv1
6zrunhuv zkrvh fkrlfh ri vhfwru lv frqvwudlqhg1 Wkh sursruwlrq lv d xvhixo lqglfdwru
ri wkh ghjuhh ri mre udwlrqlqj lq wkh pdunhw ri lqwhuhvw1 Wkdw zh fdq hvwlpdwh lw dw
doo lv uhpdundeoh vlqfh wkh suhihuhqfh ri zrunhuv rxwvlgh ri wkh mre udwlrqlqj vhfwru
lv qrw revhuydeoh1 Dowkrxjk wkh lghd ri dq hqgrjhqrxv vzlwfklqj prgho edvhg rq
Srlulhu*v surelw lv qrw qhz/ wklv lv wkh uvw dwwhpsw dw lwv lpsohphqwdwlrq dv dq
h{whqvlrq ri Ohh*v wzr0vwdjh vwuxfwxudo surelw dqdo|vlv19 Wkh wzr0vwdjh surelw
dqdo|vlv hpsor|hg khuh |lhogv ohvv h!flhqw sdudphwhu hvwlpdwhv wkdq wkh vlqjoh
vwhs pd{lpxp olnholkrrg hvwlpdwlrq ri wkh vdph prgho dv lv grqh lq Yhqwl +4<;;,1
Krzhyhu/ lw lv dovr idu hdvlhu wr lpsohphqw xqohvv zh kdyh uhfrxuvh wr kljko|
uhvwulfwlyh dvvxpswlrqv ri wkh nlqg xvhg e| Yhqwl1 Wkhvh lqfoxgh wkh dvvxpswlrqv
wkdw udwlrqhg mrev duh olih wlph mrev dqg wkdw kxpdq fdslwdo yduldeohv duh fruuhodwhg
zlwk vhfwru suhihuhqfhv hqwluho| wkurxjk wkhlu hhfwv rq hduqlqj srwhqwldo1
Suhylrxv vwxglhv ri wkh uroh ri sd| glhuhqwldov lq wkh doorfdwlrq ri zrunhuv
ehwzhhq wkh sxeolf dqg sulydwh vhfwruv ri hfrqrplhv zlwk d vwdwh ri ghyhorsphqw
vlplodu wr wkdw ri Hwklrsld lqfoxgh/ Olqgdxhu dqg Vderw +4<;6, rq Wdq}dqld/ Ydq
ghu Jddj dqg Ylmyhuehuj +4<;;, rq Frwh g*Lyrluh dqg Whuuho +4<<6, rq Kdlwl1 Wkh
uvw ri wkhvh vxhuv iurp lwv idloxuh wr ghdo zlwk wkh vdpsoh vhohfwlrq sureohp
wkdw dulvhv lq wkh hvwlpdwlrq ri vhfwrudo zdjh glhuhqwldov1 Wkh vhfrqg lv dq
dssolfdwlrq ri wkh xqlyduldwh vwuxfwxudo surelw phwkrg dqg lv/ wkhuhiruh/ vxemhfw
wr wklv sdshu*v fulwlflvp ri d xqlyduldwh vshflfdwlrq ri wkh vzlwfk ehwzhhq vhfwrudo
zdjh uhjlphv1 Wkh wklug vwxg| grhv qrw ghshqg rq wkh hvwlpdwlrq d vwuxfwxudo
vzlwfklqj ixqfwlrq1 Krzhyhu/ lw lv edvhg rq wkh hvwlpdwlrq ri frqglwlrqdo zdjh
ixqfwlrqv wkh vhohfwlylw| whupv ri zklfk lpso| d xqlyduldwh surelw vshflfdwlrq
ri wkh vzlwfk ehwzhhq sxeolf vhfwru dqg sulydwh vhfwru hpsor|phqw1 Dv srlqwhg
rxw lq Srlulhu +4<;3, dqg Iduehu +4<;6,/ wkh plvvshflfdwlrq ri d elyduldwh surelw
vzlwfklqj htxdwlrq dv d vlpsoh surelw fuhdwhv dq rplwwhg0yduldeoh sureohp lq wkh
hvwlpdwlrq ri wkh frqglwlrqdo zdjh ixqfwlrqv1
Wkh sdshu lv rujdqlvhg dv iroorzv1 Wkh prgho/ lwv hvwlpdwlrq dqg whvw sur0
fhgxuhv duh glvfxvvhg lq Vhfwlrq 51 Hpslulfdo Uhvxowv duh uhsruwhg lq Vhfwlrq 61
Vhfwlrq 7 lv vxppdu| dqg frqfoxvlrq1
9Wkh lghd zdv ￿uvw udlvhg e| Derzg dqg Iduehu +4<;5, dqg vxevhtxhqwo| lpsohphqwhg e|
Yhqwl +4<;;,/ wr prgho wkh doorfdwlrq ri XV zrunhuv ehwzhhq wkh sulydwh vhfwru dqg ihghudo
hpsor|phqw1 Kh|zrrg dqg Prkdqw| +4<<7, hvwlpdwh uhgxfhg irup sdudphwhuv ri d ihghudo
mre txhxh lq wkh XV/ exw vwrs vkruw ri rewdlqlqj vwuxfwxudo sdudphwhu hvwlpdwhv dqg gr qrw/
frqvhtxhqwo|/ dvvhvv wkh uroh ri zdjh gl￿huhqwldov lq jhqhudwlqj ru suhfoxglqj d txhxh1 Nuhxjhu
+4<;;, suhvhqwv hylghqfh wkdw suhihuhqfh iru ihghudo mrev lq wkh XV ghshqgv odujho| rq h{shfwhg
zdjh suhplxpv zlwkrxw/ krzhyhu/ hvwlpdwlqj d vhfwrudo doorfdwlrq prgho1
751 Wkh Prgho/ Hvwlpdwlrq dqg Whvwv
5141 Wkh Prgho
Wkh srsxodwlrq ri lqwhuhvw frqvlvwv ri ixoo0wlph hpsor|hhv ri sulydwh upv dqg wkh
sxeolf vhfwru1 Ohw `￿￿ eh wkh krxuo| zdjh dq lqglylgxdo c udqgrpo| vhohfwhg iurp
wklv srsxodwlrq/ zrxog hduq dv d sxeolf vhfwru zrunhu1 Ohw `2￿ eh zkdw wkh vdph
lqglylgxdo zrxog hduq lq wkh sulydwh vhfwru1 Ghqrwh e| L￿￿ wkh pd{lpxp xwlolw|
wkh lqglylgxdo zrxog dwwdlq lq wkh sxeolf vhfwru/ dqg e| L2￿ wkh fruuhvsrqglqj
xwlolw| lq wkh sulydwh vhfwru1 Ghqrwh dovr T￿￿ ' L￿￿  L2￿ 1 Zh vd| wkdw  suhihuv
sxeolf vhfwru hpsor|phqw wr zrunlqj iru d sulydwh up li dqg rqo| li T￿￿ : f 1
Dv lv fxvwrpdu| lq wkh olwhudwxuh/ L dvvxph wkdw T￿￿ lv olqhdu lq wkh sxeolf vhfwru*v
zdjh suhplxp/ *?`￿￿  *?`2￿/ dqg d vhw ri revhuydeoh fkdudfwhulvwlfv/ ~￿￿/r i 1
Z hf d qw k h qz u l w h =
T￿￿ ' k￿ E*?`￿￿  *?`2￿n~￿￿￿ n ￿￿ +514,
zkhuh k￿ lv d frqvwdqw/ ￿ lv d yhfwru ri sdudphwhuv lqfoxglqj d frqvwdqw whup dqg
￿￿ lv d udqgrp huuru whup glvwulexwhg qrupdo zlwk phdq }hur dqg yduldqfh j2
￿￿ 1
Ohw U￿￿ eh d glfkrwrprxv yduldeoh vxfk wkdw U￿￿ 'li T￿￿ : f /d q gU￿￿ 'f /
rwkhuzlvh1 Wkh yduldeoh T￿￿ lv qrw revhuydeoh iru dq| 1 Krzhyhu/ L dvvxph wkdw
U￿￿ lv xqlw| iru sxeolf vhfwru zrunhuv1 Lq frqwudvw/ zh gr qrw nqrz wkh ydoxh ri U￿￿
iru dq| rqh lq wkh sulydwh vhfwru1
Htxdwlrq 514 ghwhuplqhv wkh txhxlqj vwdwxv ri  zlwk uhvshfw wr sxeolf vhfwru
hpsor|phqw1 Iroorzlqj Derzg dqg Iduehu L zloo fdoo lw wkh clq0txhxh* ru LT
ixqfwlrq ri wkh prgho1 Lw glylghv wkh srsxodwlrq lqwr wzr pxwxdoo| h{foxvlyh
jurxsv C￿ dqg C2 vxfk wkdw  5 C￿ li dqg rqo| li U￿￿ 'dqg  5 C2 li dqg
rqo| li U￿￿ 'f1 Ohw wkh frvw/ wr wkh sxeolf vhfwru/ ri hpsor|lqj dq|  5 C￿
eh ￿￿ 1 L vkdoo dvvxph wkdw ￿￿ ' `￿￿ n ￿￿ /zkhuh ￿￿ lv krxuo| qrq0zdjh
shfxqldu| ehqhwv1 L dvvxph dovr wkdw d sxeolf vhfwru hpsor|hu kdv qr glvfuhwlrq
lq wkh ghwhuplqdwlrq ri ￿￿ 1 Wklv lv lq wkh vhqvh wkdw/ rqfh  5 C￿ lv lq wkh
sxeolf vhfwru/ ￿￿ lv/ rq dyhudjh/ zkdw jryhuqphqw frpshqvdwlrq uxohv suhvfuleh
lw wr eh jlyhq wkh revhuydeoh fkdudfwhulvwlfv ri  1 Krzhyhu/ lw lv hqwluho| xs
wr lqglylgxdo sxeolf vhfwru hpsor|huv wr ghflgh dv wr zklfk zrunhuv lq C￿ duh
wr eh uhfuxlwhg vxemhfw wr wkh vdph frpshqvdwlrq uxohv1 L ixuwkhu dvvxph wkdw
hdfk sxeolf vhfwru hpsor|hu ehkdyhv dv d frvw plqlplvhu lq pdnlqj wklv ghflvlrq1
Ohw ￿￿ eh wkh krxuo| pdujlqdo ydoxh surgxfw ri  lq wkh sxeolf vhfwru1 D frvw
plqlplvlqj uhfuxlwphqw ghflvlrq lpsolhv wkdw  lv dfwxdoo| lq wkh sxeolf vhfwru li
8dqg rqo| li .E￿￿mT￿￿ : f :. E￿￿mT￿￿ : f 1 Wr vlpsoli|/ ohw *?￿￿ eh olqhdu lq
*?`￿￿1 Dvvxph dovr wkdw *?￿￿ lv olqhdu lq d vhw ri revhuydeoh fkdudfwhulvwlfv ~2￿
ri  1 Ghqrwlqj T2￿ '* ?￿￿  *?￿￿ /zh fdq zulwh=
T2￿ ' k2.E*?`￿￿mT￿￿ : f n ~2￿2 n 2￿c
 5 C￿ +515,
zkhuh/ k2 lv d frqvwdqw/ 2 lv d yhfwru ri sdudphwhuv lqfoxglqj d frqvwdqw whup
dqg 2￿ lv d udqgrp huuru whup glvwulexwhg qrupdo zlwk }hur phdq dqg yduldqfh
j2
￿2 1
Dq| lqglylgxdo  5 C￿ lv fkrvhq iurp wkh txhxh li dqg rqo| li T2￿ : f 1O h wU2￿
eh d vhfrqg lqglfdwru yduldeoh vxfk wkdw U2￿ 'li T2￿ : f /dqg U2￿ 'frwkhuzlvh1
Htxdwlrq 515 lv zkdw Derzg dqg Iduehu zrxog fdoo wkh cfkrvhq0iurp wkh txhxh*
ru FIT ixqfwlrq ri wkh prgho1 Lw ixuwkhu glylghv zrunhuv lq C￿ lqwr wzr glvwlqfw
vxejurxsv C￿￿ dqg C￿2 vxfk wkdw  5 C￿ lv lq C￿￿ li dqg rqo| li U2￿ 'dqg  5 C￿
lv lq C￿2 li dqg rqo| li U2￿ 'f 1 Wkh LT dqg FIT ixqfwlrqv wrjhwkhu vhjphqw wkh
hqwluh srsxodwlrq lqwr wkuhh pxwxdoo| h{foxvlyh jurxsv/ qdpho|= +4, sxeolf vhfwru
zrunhuv/ l1h1/ wkrvh lq C￿￿> +5, sulydwh vhfwru zrunhuv wkdw duh lq wkh txhxh iru
sxeolf vhfwru mrev/ l1h1/ wkrvh lq C￿2> dqg +6, sulydwh vhfwru zrunhuv zkr duh qrw lq
wkh txhxh iru sxeolf vhfwru mrev/ l1h1/ wkrvh lq C21 Wkh vruwlqj ri wkh srsxodwlrq
ehwzhhq wkh sulydwh dqg sxeolf vhfwruv fdq/ ri frxuvh/ eh ghvfulehg e| d vlpsoh
surelw zlwk d ixoo| revhuydeoh lqglfdwru yduldeoh U￿ vxfk wkdw U￿ 'li  lv lq wkh
sxeolf vhfwru dqg U￿ 'fli  lv lq wkh sulydwh vhfwru1 Krzhyhu/ lw lv fohdu wkdw
U￿ ' U￿￿U2￿ li  5 C￿ dqg U￿ ' U￿￿/ rwkhuzlvh1 Wklv phdqv wkdw jlyhq wkdw  lv
revhuyhg lq wkh sxeolf vhfwru ru wkdw U￿ ' / zh fdq dozd|v lqihu wkdw U￿￿ 'dqg
U2￿ ' 1 Wkh sureohp lv wkdw zh fdqqrw gudz d vlploduo| fdwhjrulfdo frqfoxvlrq
iurp revhuylqj U￿ 'f 1 Doo wkdw zh fdq lqihu iurp revhuylqj wkdw  lv dfwxdoo| lq
wkh sulydwh vhfwru lv wkdw/ hlwkhu wkh zrunhu lv qrw lq wkh txhxh iru d sxeolf vhfwru
mre +l1h1/ U￿￿ 'f  c ru lv lq wkh txhxh/ exw kdv idlohg wr eh vhohfwhg e| hpsor|huv
+l1h1/ U￿￿ 'dqg U2￿ 'f ,1 Htxdwlrqv 514 dqg 515 ghvfuleh wkh vruwlqj surfhvv dv
Srlulhu*v surelw e| zd| ri ryhufrplqj wklv dpeljxlw| ri wkh revhuydwlrq U￿ 'f 1
Ehfdxvh ri wkh frqglwlrqlqj ri htxdwlrq 515 rq wkh LT ixqfwlrq/ wkh huuru whup 2￿
lv glvwulexwhg lqghshqghqwo| ri ￿￿1:
:Wklv kdv wkh dgydqwdjh ri vlpsoli|lqj hvwlpdwlrq zlwkrxw uxolqj rxw wkh srvvlelolw| wkdw wkh
huuru whup ri wkh xqfrqglwlrqdo sxeolf vhfwru cmre r￿hu* ixqfwlrq xqghuo|lqj wkh FIT ixqfwlrq lv
fruuhodwhg zlwk x4l= Lwv glvdgydqwdjh +Pdggdod/ 4<;6, lv wkdw zh fdqqrw pdnh lqihuhqfhv derxw
9Wkh lghdo vshflfdwlrq ri wkh vruwlqj surfhvv lv d elyduldwh surelw zlwk ixoo
revhuydeolw|/ vlqfh wklv zrxog ohdg wr pruh h!flhqw sdudphwhu hvwlpdwhv1 Xq0
iruwxqdwho| lw lv lpsrvvleoh wr revhuyh wkh LT dqg FIT vwdwxv ri doo zrunhuv dw
wkh vdph wlph iurp vxuyh| gdwd1 Wkh xvh ri Srlulhu*v surelw lv d zd| ri pdnlqj
xs iru wklv odfn ri lqirupdwlrq e| h{sorlwlqj wkh idfw wkdw d zrunhu lv revhuyhg
lq wkh sxeolf vhfwru li dqg rqo| li wkh zrunhu zdqwv wr dqg/ dw wkh vdph wlph/
vdwlvhv hpsor|huv* vhohfwlrq fulwhuld1 Wkh hvvhqfh ri wkh phwkrg lv wr pdwfk wkh
fkdudfwhulvwlfv ri zrunhuv lq wkh sxeolf vhfwru zlwk wkrvh ri zrunhuv lq wkh sulydwh
vhfwru/ kdylqj glvwlqjxlvkhg uvw wkh vhw ri fkdudfwhulvwlfv wkdw lq xhqfh hEU￿ ' 
wkurxjk wkhlu hhfw rq wkh LT vwdwxv iurp wkh vhw ri fkdudfwhulvwlfv wkdw lq xhqfh
wkh vdph suredelolw| wkurxjk wkhlu hhfw rq wkh FIT vwdwxv1
Htxdwlrqv 514 dqg 515 ehorqj wr d v|vwhp L forvh e| wkh iroorzlqj vhfwrudo zdjh
ixqfwlrqv=
*?`￿￿ ' f￿q￿ n v￿￿
li T￿￿ : fcT 2￿ : f +516,
dqg
*?`2￿ ' f￿q2 n v2￿/
rwkhuzlvh +517,
zkhuh/ f￿ lv d yhfwru ri zrunhu dqg lqgxvwu| fkdudfwhulvwlfv/ q￿ dqg q2 duh sd0
udphwhu yhfwruv/ v￿￿ lv llg qrupdo zlwk phdq }hur dqg yduldqfh j2
v￿ dqg v2￿ lv
glvwulexwhg olnhzlvh exw zlwk yduldqfh j2
v21 L zloo ghqrwh wkh fryduldqfh ehwzhhq
￿￿ dqg v￿￿ e| j￿v￿/ wkh fryduldqfh ehwzhhq ￿￿ dqg v2￿ e| j￿v2 / wkh fryduldqfh
ehwzhhq 2￿ dqg v￿￿ e| j2v￿ dqg wkh fryduldqfh ehwzhhq 2￿ dqg v2￿ e| j2v21
Ohw /
￿




/r iw k h
















wkh xqfrqglwlrqdo mre r￿hu ixqfwlrq lwvhoi xqohvv zh dvvxph wkdw wkh odwwhu lv lqghshqghqw ri wkh
LT ixqfwlrq1 Qrwh/ wkrxjk/ wkdw wkh dvvxpswlrq lv qrw dv uhvwulfwlyh dv lv vrphwlphv vxjjhvwhg1
Wklv lv ehfdxvh qr hfrqrplf phdqlqj fdq eh dwwdfkhg wr wkh fruuhodwlrq ehwzhhq mre r￿huv dqg
LT vwdwxv dv orqj dv txhxlqj lv frvwohvv1
:5151 Hvwlpdwlrq
Xvlqj htxdwlrqv 514 dqg 516/ zh kdyh
.E*?`￿￿mT￿￿ : f ' f￿q￿ n j￿v￿b￿￿ +518,
zkhuh b￿￿ ' d. ET￿￿*j￿￿o*xd. ET￿￿*j￿￿o/ E lv wkh vwdqgdug qrupdo sgi dqg
xE lv wkh vwdqgdug qrupdo fgi1 Vxevwlwxwlqj htxdwlrqv 516 dqg 517 lqwr 514/











￿￿ 'd T￿￿  k￿ Ev￿￿  v2￿o*j￿￿/ kW
￿ 'E k￿*j￿￿Eq￿  q2/ W
￿ ' ￿*j￿￿ dqg
W












2￿ 'E T2￿  k2b￿￿*j￿2/ kW
2 'E k2*j￿2q￿/ W
2 ' ￿*j￿2 dqg W
2￿ ' ￿2￿
j￿21
Wkh vhfwrudo zdjh htxdwlrqv fdq wkhq eh zulwwhq dv













*?`2￿ ' f￿q2 n v2￿/
rwkhuzlvh1 +51<,
Htxdwlrqv 519 wr 51< frqvwlwxwh wkh uhgxfhg irup ri wkh v|vwhp ri htxdwlrqv 514








2 c ~￿￿ 'd f￿c~ ￿￿o dqg ~2￿ 'd f￿c~ 2￿o 1
Dv vkrzq lq Srlulhu +4<;3, erwk S￿ dqg S2 duh lghqwlhg dv orqj dv dw ohdvw rqh
yduldeoh lq ~￿￿ lv h{foxghg iurp ~2￿ ru ylfh yhuvd1 Lw lv fohdu iurp htxdwlrqv 519
dqg 51: wkdw wklv frqglwlrq lv phw li dw ohdvw rqh yduldeoh lq ~￿￿ lv h{foxghg iurp
~2￿ ru ylfh yhuvd1 Lqghhg/ L vkdoo dvvxph wkdw ~2￿ lv d surshu vxevhw ri ~￿￿/w k d w
lv/ doo lqglylgxdo fkdudfwhulvwlfv wkdw lq xhqfh wkh LT vwdwxv dovr dhfw wkh FIT
vwdwxv zkloh wkh frqyhuvh lv qrw wuxh1 Lq sduwlfxodu/ L vkdoo dvvxph wkdw idplo|
edfnjurxqg yduldeohv dhfw d zrunhu*v LT vwdwxv exw kdyh qr lq xhqfh rq wkh
suredelolw| ri wkh zrunhu ehlqj vhohfwhg e| sxeolf vhfwru hpsor|huv hlwkhu gluhfwo|
ru wkurxjk wkhlu hhfw rq wkh frvw ri hpsor|lqj wkh zrunhu1
;Jlyhq S￿/ Ohh +4<:<, kdv vkrzq wkdw erwk kW
￿ dqg W
￿ duh lghqwlhg rqo| li
dw ohdvw rqh yduldeoh h{rjhqrxv yduldeoh lq f￿ lv h{foxghg iurp ~￿￿1 Vlploduo|/
d qhfhvvdu| frqglwlrq iru wkh lghqwlfdwlrq ri erwk kW
2 dqg W
2 iurp S2 lv wkdw dw
ohdvw rqh yduldeoh lq f￿ lv h{foxghg iurp ~2￿ 1 L vkdoo xvh lqgxvwu| vshflf mre
dwwulexwhv dv phdqv ri lghqwlfdwlrq lq wklv frqwh{w/ e| h{foxglqj wkhp iurp erwk
~￿￿ dqg ~2￿1 Wkh xqghuo|lqj dvvxpswlrq lv wkdw zkloh wkh vdph dwwulexwhv duh
lpsruwdqw lq zdjh ghwhuplqdwlrq lq hlwkhu vhfwru/ wkh| kdyh qr gluhfw lq xhqfh
hlwkhu rq wkh LT suredelolw| ru wkh FIT suredelolw|1 Jlyhq kW
￿ dqg kW
2 /w k hv d p s o h
vhsdudwlrq surshuw| ri wkh prgho hqvxuhv wkdw erwk q￿ dqg q2 duh lghqwlhg1 Wklv
jxdudqwhhv wkdw k￿*j￿￿ dqg k2*j￿2 duh dovr lghqwlhg1 Wkh sdudphwhuv j2
v￿/ j2
v2/
j￿v￿*j￿￿/ j￿v2*j￿￿/ j2v￿*j￿2/d q gj2v2*j￿2 duh lghqwlhg/ djdlq ehfdxvh ri vdpsoh
vhsdudwlrq1 Krzhyhu/ vdpsoh vhsdudwlrq dovr phdqv wkdw j￿2 fdqqrw eh lghqwlhg
iurp wkh uhgxfhg irup ri wkh prgho1 Zh fdqqrw lghqwli| hlwkhu j2
￿￿ dqg j2
￿2/
zklfk phdqv wkdw k￿/ k2 dqg wkh fryduldqfhv ehwzhhq wkh huuru whupv ri wkh
vruwlqj htxdwlrqv dqg wkrvh ri wkh zdjh ixqfwlrqv fdq eh lghqwlhg rqo| xs wr
glylvlrq e| j￿￿ ru j￿2 dv wkh fdvh pd| eh1 L vkdoo wkhuhiruh xvh wkh qrupdolvdwlrq
j2
￿￿ ' j2
￿2 'wkurxjk rxw wkh uhvw ri wkh sdshu1
Ohw ￿￿ ' ~￿￿S￿ dqg 2￿ ' ~2￿S2 1 Xvlqj wkh qrupdolvdwlrq j2
￿￿ ' j2
￿2 '/w k h












































v2cj ￿v￿cj ￿v2cj2v￿cj 2v2
￿
/  lv vdpsoh vl}h/
M￿6E/ c6 ' c2 lv wkh qrupdo sgi ri 6￿ frqglwlrqdo rq v￿￿/d q g}￿E lv wkh
pdujlqdo sgi ri v￿￿1 Dowkrxjk pd{lplvdwlrq ri 5143 zrxog |lhog frqvlvwhqw dqg
dv|pswrwlfdoo| h!flhqw hvwlpdwhv ri wkh sdudphwhuv lq X/ lw lv qrw dwwhpswhg
khuh1 Lqvwhdg L xvh wkdw idfw wkdw wkh surshuwlhv ri wkh wzr vwdjh vwuxfwxudo
surelw dqdo|vlv ri Ohh +4<:<, uhdglo| h{whqg wr wkh fdvh ri d prgho zlwk wzr
exw lqghshqghqw vzlwfklqj uxohv1 Wkh uvw vwdjh ri wkh phwkrg frqvlvwv lq xvlqj
surelw pd{lpxp olnholkrrg hvwlpdwhv e S￿ dqg e S2 ri wkh sdudphwhuv S￿ dqg S2 ri









v2cj ￿v￿cj ￿v2cj2v￿cj 2v2 wkurxjk wkh Khfnpdq0Ohh
<prglhg ohdvw vtxduhv hvwlpdwlrq ri wkh vhfwrudo zdjh htxdwlrqv1 Lq wkh vhfrqg






e q￿  e q2
￿






f￿e q￿ n e j￿v￿
e b￿￿
￿
k2 n ~2￿2 n h 2￿ +5145,
zkhuh/ h ￿￿ ' ￿￿ n f￿
￿




q2  e q2
￿
dqg h 2￿ ' 2￿ n f￿
￿
q￿  e q￿
￿
n
j￿v￿b￿￿  e j￿v￿
e b￿￿1 Qrwh wkdw wkh glvwxuedqfh whup ri hdfk ri wkhvh htxdwlrqv lv
dv|pswrwlfdoo| vwdqgdug qrupdo zklfk iroorzv iurp wkh vwdqgdug qrupdolw| ri ￿￿
dqg 2￿ dqg wkh frqvlvwhqf| ri e q￿ /e q2 dqg e j￿v￿
e b￿￿1 Wkh qhhg iru wkh vhfrqg vwdjh
dulvhv iurp wkh idfw wkdw/ dowkrxjk k￿ dqg k2 duh erwk lghqwlhg/ d xqltxh vroxwlrq
ri hlwkhu fdqqrw eh rewdlqhg irup e S￿ dqg e S2 vlqfh wkh prgho lv ryhulghqwlhg1 E| d
wkhruhp gxh wr Ohh +4<:</ ss1<;90;;,/ wkh frqvlvwhqf| ri wkh wzr vwdjh hvwlpdwruv
e k￿/e k2/ e ￿ dqg e 2 iroorzv iurp wkh frqvlvwhqf| ri e q￿/ e q2/ e j￿v￿ dqg e b￿￿ dqg wkh udqn
frqglwlrq iru wkh lghqwlfdwlrq ri S￿ dqg S2 1 Rewdlqlqj frqvlvwhqw hvwlpdwhv ri
q￿/ q2 dqg j￿v￿b￿￿ lv wkhuhiruh wkh pdlq wdvn lq wkh hvwlpdwlrq ri wkh prgho1
Zh kdyh iurp htxdwlrq 51; wkdw
. Ev￿￿mU￿￿ ' cU 2￿ ' 'j￿v￿b￿￿ n j2v￿b2￿ +5146,

















hvwlpdwlrq ri htxdwlrq 51; rq dq| vdpsoh ri sxeolf vhfwru zrunhuv zloo qrw/ wkhuh0
iruh/ |lhog d frqvlvwhqw hvwlpdwh ri q￿ xqohvv j￿v￿ ' j2v￿ 'f1 Li wkh huuru whupv
ri wkh LT dqg FIT ixqfwlrqv kdsshq wr eh fruuhodwhg zlwk v￿￿ / xqeldvhg ohdvw
vtxduhv hvwlpdwlrq ri q￿ uhtxluhv wkh vshflfdwlrq/
*?`￿￿ ' f￿q￿ n j￿v￿b￿￿ n j2v￿b2￿ n "￿￿ +5147,
zkhuh/
"￿￿ ' v￿￿  j￿v￿b￿￿  j2v￿b2￿ +5148,
vr wkdw .E"￿￿mU￿ ' 'f1 Krzhyhu/ 5147 fdqqrw eh hvwlpdwhg gluhfwo| vlqfh
b￿￿ dqg b2￿ duh xqnqrzq1 Wkh Khfnpdq0Ohh prglhg ohdvw vtxduhv surfhgxuh iru
frqvlvwhqw hvwlpdwlrq ri q￿ frqvlvwv lq wkh dssolfdwlrq ri ROV wr
*?`￿￿ ' f￿q￿ n j￿v￿
e b￿￿ n j2v￿
e b2￿ n #￿￿ +5149,
zkhuh/
#￿￿ ' "￿￿ n j￿v￿
￿




b2￿  e b2￿
￿
/ +514:,
















dqg e S￿ dqg e S2 duh surelw
pd{lpxp olnholkrrg hvwlpdwhv ri S￿ dqg S2 uhvshfwlyho|1
Wkh frqglwlrqdo zdjh htxdwlrq ri wkh sulydwh vhfwru lv qrw dv uhdglo| lghqwldeoh
vlqfh zh gr qrw revhuyh wkh txhxlqj vwdwxv ri wklv jurxs ri zrunhuv1 Iru sulydwh




2￿ ' f￿q2 n j￿v2b￿￿ n "
E￿￿
2￿
 5 C2 +514;,












2￿ ' v2￿  j￿v2b￿￿ 1 Lq frqwudvw/
wkh frqglwlrqdo zdjh htxdwlrq iru sulydwh vhfwru zrunhuv wkdw duh lq wkh txhxh iru
sxeolf vhfwru mrev lv
*?`
E2￿
2￿ ' f￿q2 n j￿v2b￿￿ n j2v2be￿ n "
E2￿
2￿
 5 C￿2 +514<,












2￿ ' v2￿  j￿v2b￿￿ n j2v2be￿ 1
Krzhyhu/ frqvlvwhqw hvwlpdwlrq ri q2 e| wkh Khfnpdq0Ohh phwkrg grhv qrw uhtxluh
nqrzohgjh ri wkh glvwulexwlrq ri sulydwh vhfwru zrunhuv ehwzhhq jurxsv C￿2 dqg
C2 1 Ohw wkh sursruwlrq ri sulydwh vhfwru zrunhuv zkr zrxog udwkhu eh lq wkh
sxeolf vhfwru eh Z 1 Wkhq wkh h{shfwhg zdjh ri d zrunhu udqgrpo| gudzq iurp













1 Wklv ohdgv wr wkh ryhudoo sulydwh vhfwru frqglwlrqdo zdjh htxdwlrq
*?`2￿ ' f￿q2 n j￿v2b￿￿ n B￿b
W
￿￿ n B2be￿ n "2￿
 5 dC2 ^ C￿2o +5153,






￿￿ ' b￿￿  b￿￿/ B￿ ' Zj￿v2 dqg B2 ' Zj2v21
Frqvlvwhqw hvwlpdwhv ri q2/ j￿v2/ B￿ dqg B2 duh rewdlqhg e| dsso|lqj ohdvw vtxduhv
wr
*?`2￿ ' f￿q2 n j￿v2
e b￿￿ n B￿e b
W
￿￿ n B2e be￿ n #2￿ +5154,












￿￿ ' e b￿￿  e b￿￿/











#2￿ ' "2￿ n j￿v2
￿












be￿  e be￿
￿
+5155,
44Dowkrxjk ohdvw vtxduhv dssolhg wr htxdwlrqv 5149 dqg 5154 jlyhv frqvlvwhqw
hvwlpdwhv ri q￿/ q2/ j￿v￿/ j￿v2/j2v￿/ j2v2 dqg Z / lw lv fohdu irup htxdwlrqv 514:
dqg 5155/ wkdw wkh fruuhvsrqglqj ohdvw vtxduhv hvwlpdwhv ri wkh vwdqgdug huuruv ri
wkh vdph sdudphwhu hvwlpdwhv duh lqfrqvlvwhqw dv duh ohdvw vtxduhv hvwlpdwhv ri
j2
v￿ dqg j2
v2 1 Frqvlvwhqw hvwlpdwhv ri j2
v￿ dqg j2
v2 fdq/ krzhyhu/ eh rewdlqhg edvhg
rq Wdoolv +4<94, dqg Dphpl|d +4<:7,1 Ohw @oE"￿￿mU￿ ' '. E"2
￿￿mU￿ ' 'j2
"￿￿







￿v￿b￿￿ E￿￿ n b￿￿  j
2
2v￿b2￿ E2￿ n b2￿ +5156,
Ohw e #￿￿ eh wkh l|￿ uhvlgxdo ri wkh ohdvw vtxduhv hvwlpdwlrq ri 51491 E| htxdwlrq
514: #2
￿￿ lv wkh suredelolw| olplw ri "2












￿￿ n e _￿￿
￿
+5157,
zkhuh ￿ lv wkh vl}h ri wkh vxevdpsoh ri sxeolf vhfwru zrunhuv/
















￿v￿ dqg e j2
2v￿ duh ohdvw vtxduhv hvwlpdwhv ri j2
￿v￿ dqg j2
2v￿ uhvshfwlyho|/ e ￿￿ ' ~￿￿e S￿
dqg e 2￿ ' ~2￿e S21 Vlploduo|/ ohw T@ o E"2￿mU￿ 'f 'j2
















￿v2b￿￿ E￿￿ n b￿￿nj
2
2v2be￿ E2￿ n be￿
l
n2E  ZZdj￿v2b￿￿ Ej￿v2b￿￿ n j2v2be￿o +5158,












2￿ n e _2￿
￿
+5159,
zkhuh 2 lv wkh vl}h ri wkh vxe0vdpsoh ri sulydwh vhfwru zrunhuv/ e #2￿ lv wkh l|￿ ohdvw
vtxduhv uhvlgxdo ri htxdwlrq 5154 dqg
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45Wkh dv|pswrwlf vwdqgdug huuruv ri sdudphwhu hvwlpdwhv ri 5149 fdq eh re0
wdlqhg xvlqj 5157 edvhg rq Kdp +4<;5,1 Wkh odwwhu h{whqgv wkh Ohh hw d1o +4<;3,
fruuhfwlrq wr wkh fdvh ri d gxdo vrxufh ri vhohfwlylw|1 Ixuwkhu h{whqvlrq wr re0
wdlq wkh fruuhfw fryduldqfh pdwul{ ri wkh sulydwh vhfwru zdjh htxdwlrq/ 5154 lv
vwudljkwiruzdug dqg lv edvhg rq wkh uvw rughu dssur{lpdwlrq
#2￿  "2￿ n j￿v￿}
￿
￿￿ES  e SnB￿}
￿
￿￿ ES  e SnB2}
￿
e￿ ES  e S +515:,
zkhuh/ }￿￿ ' Yb￿￿*YS/ }￿￿ ' Yb
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￿￿*YS dqg }e￿ ' Ybe￿*YS duh judglhqw yhfwruv/
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5161 Whvwlqj Iru D Mre Txhxh
Wkh sdudphwhu Z lq htxdwlrq 5154 lv wkh sursruwlrq ri sulydwh vhfwru zrunhuv zkr
kdyh ehhq udwlrqhg rxw ri wkh sxeolf vhfwru dqg fdq eh hvwlpdwhg frqvlvwhqwo|
46v l q f hl wl vl g h q w l  h gl qw k hv d p hh t x d w l r q 1 ; Wkh h{lvwhqfh ru rwkhuzlvh ri d sxeolf
vhfwru mre txhxh fdq eh whvwhg rq wkh edvlv ri wkh uvw vwdjh hvwlpdwlrq ri wkh
uhgxfhg irup LT dqg FIT surelwv/ zklfk lv wkh surfhgxuh xvhg e| Derzg dqg
Iduehu+4<;5,1 Lq wkh devhqfh ri d txhxh wkh uhgxfhg irup ri wkh vzlwfk ehwzhhq
sulydwh dqg sxeolf vhfwru mrev lv jlyhq e| htxdwlrq 519/ zklfk lv rewdlqhg e| wkh
uhvwulfwlrq wkdw doo wkh hohphqwv ri S2 duh }hur zlwk wkh h{fhswlrq ri wkh frqvwdqw
whup zklfk qrz dvvxphv dq duelwudu| srvlwlyh qxpehu odujh hqrxjk wr hqvxuh wkdw
RoEU2￿ ' mU￿￿ ' 'iru doo 1 Wkh rssrvlwh ri wklv cqr txhxh* vfhqdulr lv wkh
fdvh ri d cxqlyhuvdo mre txhxh* zkhuh/ wkh uhgxfhg irup wkh vruwlqj phfkdqlvp lv
ghvfulehg e| htxdwlrq 51:1 D xqlyhuvdo txhxh lv htxlydohqw wr wkh uhvwulfwlrq rq
519 dqg 51: wkdw doo wkh hohphqwv ri S￿ duh }hur h{fhsw iru wkh frqvwdqw whup zklfk
lv qrz dq duelwudu| srvlwlyh qxpehu odujh hqrxjk wr hqvxuh wkdw RoEU￿￿ ' '
iru doo 1 L zloo uhihu wr wkh olnholkrrg udwlr whvw ri hlwkhu uhvwulfwlrq dv Derzg
dqg Iduehu*v whvw iru d mre txhxh wr glvwlqjxlvk lw iurp dq dowhuqdwlyh whvw edvhg
rq wkh hvwlpdwhv ri wkh frqglwlrqdo sulydwh vhfwru zdjh htxdwlrq1 Wkh odwwhu lv
edvhg rq wkh idfw wkdw wkh qr0txhxh prgho lpsolhv wkdw Z 'fzkloh d xqlyhuvdo
mre txhxh prgho phdqv Z ' 1 D uhmhfwlrq ri erwk wkh qr0txhxh dqg wkh xqlyhuvdo
txhxh uhvwulfwlrqv lpsolhv d uhjlph ri d sduwldo mre txhxh/ lq zklfk vrph exw qrw
doo sulydwh vhfwru zrunhuv duh lq wkh txhxh iru d sxeolf vhfwru mre/ wkdw lv/ rqh lq
zklfk f 	Z	1 L zloo uhihu wr wkh xquhvwulfwhg prgho/zkhuh f  Z  /d v
cwkh txhxh* prgho1 Wkh dv|pswrwlf mrlqw vljqlfdqfh whvw ri B￿ dqg B2 lv d whvw
ri wkh qxoo Z 'f  Vlploduo|/ wkh dv|pswrwlf I0whvw ri wkh uhvwulfwlrq j￿v2 ' B￿ lv
dw h v wr iw k hq x o oZ ' <1 Lw vkrxog eh qrwhg wkdw wkh frqglwlrqdo zdjh htxdwlrq
5154 fdq eh lqwhusuhwhg dv d frpsrxqg prgho qhvwlqj wkh qr0txhxh dqg xqlyhuvdo
txhxh vshflfdwlrqv ri htxdwlrqv 514; dqg 514</ zlwk Z dv wkh dqdorjxh wr wkh
qhvwlqj sdudphwhu ri wkh M 0whvw +Gdylgvrq dqg Pdfnlqqrq/ 4<;5,1 Wkh glhuhqfh
ehwzhhq wkh vwdqgdug M0whvw vhwwlqj dqg wkh suhvhqw fdvh lv wkdw wkh/ Z khuh lv
qrw dq duwlfldo qhvwlqj ghylfh exw d sdudphwhu ri hfrqrplf phdqlqj1 Ehfdxvh
doo lwv sdudphwhuv duh lghqwlhg/ wkh jhqhudo prgho lq rxu fdvh lv dovr gluhfwo|
hvwlpdeoh/ zlwkrxw wkh qhhg wr uvw hvwlpdwh hlwkhu vshfldo fdvh1 Zlwk wklv fdyhdw
lq plqg L zloo uhihu wr whvwv ri wkh qr0txhxh dqg wkh xqlyhuvdo txhxh prghov edvhg
rq htxdwlrq 5154 dv wkh M0whvw iru d mre txhxh1 Vlqfh wkhuh lv qr jxdudqwhh wkdw
wkh wzr whvwv |lhog wkh vdph uhvxow lq dq| sduwlfxodu vdpsoh/ rxwfrphv ri erwk
;L hvwlpdwh ￿ e| e ￿ @ e ￿4@e ￿4 5 wkh frqvlvwhqf| ri zklfk iroorzv iurp wkdw ri e ￿4 dqg e ￿4 5 e|
Voxwvn|*v Wkhruhp1
<Dv vkrzq e| Dkq +4<<5,/ wkh dssur{lpdwh I0vwdwlvwlf ri d prgho zlwk d gxdo vhohfwlrq
phfkdqlvp lv dv|pswrwlfdoo| htxlydohqw wr wkh OP whvw vwdwlvwlf1
47whvwv zloo eh uhsruwhg lq wkh qh{w vhfwlrq1
61 Hpslulfdo Uhvxowv
6141 Gdwd dqg Yduldeohv
Wkh gdwd dqdo|vhg frqvlvw ri revhuydwlrqv rq 44:3 lqglylgxdov zkr zrunhg dv ixoo0
wlph zdjh hpsor|hhv ri sulydwh upv dqg sxeolf vhfwru rujdqlvdwlrqv lq Hwklrsld*v
pdmru wrzqv lq 4<<71 Wkhvh zhuh gudzq iurp wkh 4<<7 zdyh ri wkh VVXK vxuyh|
dv d vxevdpsoh rewdlqhg e| holplqdwlqj lqglylgxdov zkr zhuh rxw ri wkh oderxu
irufh/ xqhpsor|hg/ vhoi0hpsor|hg ru zrunhg dv fdvxdo ru sduw0wlph zrunhuv ru dv
grphvwlf zrunhuv dw wkh wlph ri wkh vxuyh|143 Mxvw ryhu 96 shu fhqw ri wkrvh lq wkh
vdpsoh zhuh sxeolf vhfwru hpsor|hhv dw wkh wlph ri wkh vxuyh|/ zklfk lv vlplodu wr
jxuhv uhsruwhg iru pdq| rwkhu Diulfdq frxqwulhv1
Wkh ghshqghqw yduldeoh ri wkh hvwlpdwhg zdjh htxdwlrqv lv wkh qdwxudo orjd0
ulwkp ri krxuo| zdjhv lq Eluu144 Wkh vhw ri yduldeohv/ f￿/ lqfoxghg lq wkh sxeolf
vhfwru zdjh htxdwlrq duh wkh vdph dv wkrvh lqfoxgh lq wkh sulydwh vhfwru htxdwlrq
dowkrxjk wklv lv qrw d uhtxluhphqw ri wkh prgho1 Ghvfulswlyh vwdwlvwlfv ri wkh uho0
hydqw yduldeohv duh jlyhq lq Wdeoh 6141 Vwdqgdug hduqlqjv ixqfwlrq uhjuhvvruv duh
ghqrwhg dv iroorzv =
HGXF @ qxpehu ri |hduv ri vfkrrolqj>
H[SU @ djh plqxv 9 plqxv |hduv ri vfkrrolqj/ phdvxulqj srwhqwldo pdunhw
h{shulhqfh>
H[SUVT @ wkh vtxduh ri H[SU>
WHQXUH @ qxpehu ri |hduv lq wkh fxuuhqw mre>
WHQXUHVT @ vtxduh ri WHQXHU1
Wkh uhpdlqlqj yduldeohv lq f￿ duh doo glfkrwrprxv dqg duh ghqhg dv iroorzv=
JHQGHU @ 4 li wkh zrunhu lv pdoh >
43Wkh pdlq uhdvrq iru wkh h{foxvlrq ri grphvwlf zrunhuv iurp wkh vdpsoh zdv wkdw lq0nlqg
sd|phqwv lq wkh irup ri irrg dqg orgjlqj duh w|slfdoo| d yhu| odujh sursruwlrq ri zdjhv iru wkh
jurxs lq Hwklrsld dw wkh prphqw1 Wklv phdqv wkdw d gxpp| yduldeoh zrxog kdyh wr eh lqfoxghg
iru wkh jurxs lq wkh hvwlpdwlrq ri wkh sulydwh vhfwru zdjh htxdwlrq wr dyrlg wkh phdvxuphqw
huuru wkdw zrxog rwkhuzlvh dulvh1Xqiruwxqdwho| wkh vdph yduldeoh fdqqrw dsshdu lq wkh uhgxfhg
irup vruwlqj surelwv vlqfh lw zrxog eh froolqhdu wr wkh lqglfdwru yduldeohv zklfk pdnhv hvwlpdwlrq
lpsrvvleoh1
44Wkh Eluu lv Hwklrsld*v fxuuhqf|1 Lw*v r!fldo h{fkdqjh udwh wr wkh XV groodu vwrrg dw Eluu
918 dw wkh wlph ri wkh vxuyh|1
48Wdeoh 614= Ghvfulswlyh Vwdwlvwlfv1
Sxeolf Vhfwru Sulydwh Vhfwru Doo Zrunhuv
Yduldeoh Phdq Vwdqgdug Phdq Vwdqgdug Phdq Vwdqgdug
ghyldwlrq ghyldwlrq ghyldwlrq
OQZDJH 3195 31:7 3145 31<< 3177 31;;
HGXF 43159 714; :166 71:5 <14; 7194
HGXFVT 4551:8 :7169 :81<9 :6137 438184 ::155
H[SU 53155 44179 4<138 471:6 4<1:< 451:9
H[SUVT 86<1<4 89<1<; 8:<14; ;381;6 88716; 99918:
WHQXUH 441;6 ;1;5 9179 ;166 <1;8 <135
WHQXUHVT 54:187 5:3155 4431<4 57<187 4:;159 59:19;
JHQGHU 3194 317< 31:7 3177 3199 317;
QRQDGGLV 3173 317< 3157 3176 3167 317:
SURIWHFK 315; 3178 3146 3166 3155 3175
DGPFOHU 3156 3175 3149 316: 3154 3173
IDWRZQDF 3148 3168 3146 3167 3147 3168
IDWSUZDJ 3136 314; 3145 3165 3139 3158
IDWSXZDJ 3154 3174 3148 3169 314< 316<
IRRGEHY 3137 3154 3137 314< 3137 3153
RWKLQGXV 3139 3158 314< 316< 3144 3164
RWKPDQX 3149 3169 314< 316< 314: 316;
Qxpehu ri rev1 :6< 764 44:3
QRQDGGLV@ 4 li wkh zrunhu uhvlghv lq d uhjlrqdo xuedq fhqwuh/ l1h1/ lq d wrzq
rwkhu wkdq wkh fdslwdo>
SURIWHFK @ 4 li wkh zrunhu*v pdlq rffxsdwlrq lv surihvvlrqdo ru whfkqlfdo>
DGPFOHU @ 4 li wkh zrunhu kdv qrw ehhq wudlqhg dv d surihvvlrqdo ru whfkqlfdo
zrunhu exw pdlqo| grhv dq dgplqlvwudwlyh ru fohulfdo zrun>
IRRGEHY @ 4 li wkh zrunhu lv hpsor|hg lq wkh irrg ru ehyhudjhv lqgxvwulhv>
RWKPDQX @ 4 li wkh zrunhu lv hpsor|hg lq d pdqxidfwxulqj lqgxvwu| rwkhu
wkdq wkh irrg dqg ehyhudjhv lqgxvwulhv>
RWKLQGXV @ 4 li wkh zrunhu lv hpsor|hg lq d qrq0vhuylfh/ qrq0pdqxidfwxulqj
lqgxvwu|1
Dowkrxjk wkh pdunhw h{shulhqfh ri wkh dyhudjh sxeolf vhfwru zrunhu lv frpsd0
udeoh wr wkdw ri wkh dyhudjh sulydwh vhfwru hpsor|hh/ sxeolf vhfwru zrunhuv kdyh
wzlfh dv pdq| |hduv ri whqxuh ryhu wkh fxuuhqw mre dw 45 |hduv dv sulydwh vhfwru
49zrunhuv1 Wkh dyhudjh sxeolf vhfwru zrunhu lv dovr ehwwhu hgxfdwhg wkdq wkh dyhudjh
sulydwh vhfwru hpsor|hh1 Wkh phdq ohyho ri vfkrrolqj iru wkh ixoo vdpsoh lv < |hduv/
zklfk frpsduhv wr d jxuh ri 4316 |hduv lq wkh sxeolf vhfwru dqg :16 |hduv lq wkh
sulydwh vhfwru1 Wkh sursruwlrq ri zrphq lq wkh zrun irufh lv dovr pxfk kljkhu lq
wkh sxeolf vhfwru dw mxvw xqghu iruw| shu fhqw djdlqvw d jxuh ri 59 shu fhqw lq wkh
sulydwh vhfwru1 Wxuqlqj wr wkh euhdngrzq ri zrun irufh e| rffxsdwlrqdo jurxsv/
zh vhh wkdw pruh wkdq kdoi ri sxeolf vhfwru zrunhuv gr surihvvlrqdo2whfkqlfdo ru
dgplqlvwudwlyh ru fohulfdo mrev djdlqvw d 5; shu fhqw vkduh ri wkh vdph jurxsv lq wkh
sulydwh vhfwru1 Wzr wklugv ri sxeolf vhfwru zrunhuv dovr zrun lq vhuylfh lqgxvwulhv
zklfk lv wzlfh wkh jxuh lq wkh sulydwh vhfwru1 Wkh sursruwlrq ri zrunhuv hqjdjhg
lq wkh irrg ru ehyhudjhv lqgxvwulhv lv vlplodu iru wkh wzr vhfwruv1 Krzhyhu/ d pxfk
kljkhu sursruwlrq ri wkh zrun irufh lv hqjdjhg lq wkh pdqxidfwxulqj dqg rwkhu
qrq0vhuylfh lqgxvwulhv lq wkh sulydwh vhfwru wkdq lv wkh fdvh lq wkh sxeolf vhfwru1
L qdoo| qrwh wkdw rqo| 73 shu fhqw ri sxeolf vhfwru zrunhuv lq wkh vdpsoh uhvlgh
lq uhjlrqdo xuedq fhqwuhv dv rssrvhg wr wkh fdslwdo flw|1 Wkh sursruwlrq lv hyhq
orzhu dw 57 shu fhqw iru sulydwh vhfwru zrunhu1 Wkh sxeolf vhfwru jxuh lv eurdgo|
frqvlvwhqw zlwk wkh glylvlrq ri wkh xuedq srsxodwlrq lq Hwklrsld ehwzhhq uhjlrqdo
xuedq fhqwuhv dqg wkh fdslwdo1
Ri doo ri wkh yduldeohv lq f￿/ rqo| wkh lqgxvwu| gxpplhv/ IRRGEHY/ RWK0
PDQX dqg RWKLQGXV duh h{foxghg iurp wkh ~￿￿ dqg ~2￿ ri wkh vwuxfwxudo
surelwv1 Wkh lqfoxvlrq ri wkh uhpdlqlqj yduldeohv lq wkh h{rjhqrxv yduldeohv/ ~￿￿/
ri wkh LT ixqfwlrqv lv edvhg rq wkh srvvlelolw| wkdw djh/ jhqghu/ whqxuh/ rffxsd0
wlrq dqg uhvlghqfh pd| doo eh h{suhvvlrqv ri yduldwlrq lq dwwlwxghv wr ulvn ru wdvwh
ylv0d0ylv rwkhu mre dwwulexwhv dqg/ frqvhtxhqwo|/ duh qrw qhfhvvdulo| ixoo| fdswxuhg
e| frqwhpsrudqhrxv zdjh glhuhqwldov1 Wkh lqfoxvlrq ri wkh vdph yduldeohv lq wkh
h{rjhqrxv yduldeohv/ ~2￿/ ri wkh FIT ixqfwlrq fdq eh mxvwlhg lq vlplodu whupv= iru
d jlyhq zdjh vwuxfwxuh/ hpsor|huv pd| suhihu d sduwlfxodu djh/ jhqghu/ hgxfdwlrq
ru h{shulhqfh jurxs wr rwkhuv hlwkhu ehfdxvh qrq0zdjh frvwv ri hpsor|phqw ru sur0
gxfwlylw| ru erwk kdsshq wr ydu| zlwk wkh vdph yduldeohv zkloh wkh orfdwlrq dqg
qdwxuh ri sxeolf vhfwru dfwlylwlhv pd| uhvxow lq wkh suhgrplqdqfh ri fhuwdlq rffx0
sdwlrqv ru orfdwlrqv lq wkh glvwulexwlrq ri sxeolf vhfwru mrev1 Lw lv srvvleoh wkdw wkh
hhfw ri vfkrrolqj rq zrunhu vhfwrudo suhihuhqfhv ru qrq0zdjh hpsor|phqw frvwv
ru surgxfwlylw| lv qrq0olqhdu1 L wkhuhiruh lqfoxgh wkh yduldeoh HGXFVT/ zklfk lv
ghqhg dv wkh vtxduh ri HGXF/ lq erwk ~￿￿ dqg ~2￿
Dsduw irup HGXFVT/ ~￿￿ lqfoxghv wkuhh rwkhu yduldeohv wkdw duh h{foxghg iurp
erwk f￿ dqg ~2￿1 Wkhvh duh doo glfkrwrprxv lqglfdwruv ri sdwhuqdo rffxsdwlrq dqg
duh ghqhg dv iroorzv=
4:IDWSXZDJ @ 4 li wkh zrunhu*v idwkhu zrunv ru zrunhg pdlqo| dv d sxeolf
vhfwru hpsor|hh>
IDWSUZDJ @ 4 li wkh zrunhu*v idwkhu zrunv ru zrunhg pdlqo| dv dq hpsor|hh
ri d sulydwh up> dqg
IDWRZQDF@4 li wkh zrunhu*v idwkhu zrunv ru zrunhg pdlqo| dv d qrq0idup
rzq0dffrxqw zrunhu1
Wkh edvh jurxs iru wkh ghqlwlrq ri wkhvh yduldeohv duh zrunhuv zkrvh idwkhuv
pdlqo| zrun ru zrunhg dv wudglwlrqdo iduphuv1 Pruh wkdq 93 shu fhqw ri zrunhuv
lq wkh vdpsoh ehorqj wr wklv jurxs/ ru duh uvw jhqhudwlrq xuedq gzhoohuv/ zklfk lv
d uh hfwlrq ri wkh yhu| uhfhqw qdwxuh ri xuedqlvdwlrq lq Hwklrsld1 Dssur{lpdwho|
d iwk ri wkh vdpsoh kdyh ru kdg idwkhuv zkr zrunhg lq wkh xuedq sulydwh vhfwru
dv zdjh hpsor|hhv ru rzq0dffrxqw zrunhuv1 Idwkhuv ri d vlplodu sursruwlrq ri wkh
vdpsoh zhuh sxeolf vhfwru zrunhuv1 Wkh k|srwkhvlv lv wkdw idplo| edfnjurxqg dv
lqglfdwhg e| sdwhuqdo rffxsdwlrq lq xhqfhv wkh dwwlwxgh ri zrunhuv wr sduwlfxodu
dwwulexwhv ri mrev rq rhu145 D srvvleoh mxvwlfdwlrq iru wklv lv wkdw sduhqwv ydoxhv
dqg dwwlwxghv pd| vrphkrz eh sdvvhg grzq wr fkloguhq lq wkhlu xseulqjlqj1 Rq
wkh rwkhu kdqg wkh kljko| fhqwudolvhg qdwxuh ri ydfdqf| dgyhuwlvhphqw dqg wkh
vfuhhqlqj ri mre dssolfdqwv lq Hwklrsld*v sxeolf vhfwru vxjjhvwv wkdw wkh vdph
yduldeohv duh xqolnho| wr kdyh d vljqlfdqw lq xhqfh rq zdjh ghwhuplqdwlrq ru wkh
suredelolw| ri dq lqglylgxdo ehlqj vhohfwhg iurp d srvvleoh mre txhxh146 Khqfh wkh
h{foxvlrq ri sdwhuqdo rffxsdwlrq yduldeohv iurp ~2￿ dv zhoo dv iurp f￿1
6151 Hvwlpdwhv ri Uhgxfhg Irup LT dqg FIT Surelwv
L uhsruw lq Wdeoh 615 pd{lpxp olnholkrrg hvwlpdwhv ri wkh sdudphwhuv ri wkh
uhgxfhg irup vhohfwlrq uxohv ri wkh txhxh prgho1 Fruuhvsrqglqj hvwlpdwhv ri
wkh vhohfwlrq uxoh ri wkh qr0txhxh prgho duh jlyhq lq froxpqv 4 dqg 5 ri Wdeoh
616/ zkloh wkrvh ri wkh vhohfwlrq uxoh ri wkh xqlyhuvdo0txhxh prgho duh uhsruwhg lq
froxpqv 6 dqg 7 ri wkh vdph wdeoh1 Wkh orj olnholkrrg udwlr ri Derzg dqg Iduehu*v
whvw ri wkh qr0txhxh prgho lv :61; dw 47 ghjuhhv ri iuhhgrp zklfk frpsduhv wr d
fulwlfdo ydoxh ri 6617 dw wkh rqh shu fhqw ohyho ri vljqlfdqfh1 Wkh xqlyhuvdo0txhxh
prgho lv dv hdvlo| uhmhfwhg e| wkh vdph whvw zlwk d olnholkrrg udwlr ri <9 dw 4:
ghjuhhv ri iuhhgrp1
45Wkh xvh ri pdwhuqdo rffxsdwlrq dv dq lqglfdwru ri idplo| edfnjurxqg lv qrw srvvleoh ehfdxvh
ri odfn ri yduldwlrq lq wkh hpsrophqw vwdwxv ri prwkhuv1 Dq h{wuhpo| kljk sursruwlrq uhsruwhg
wkdw wkhlu prwkhuv zhuh pdlqo| krxvhzlyhv1
46D pruh ghwdlohg frpsdulvrq ri wkh mre0pdwfklqj surfhvv lq wkh sxeolf vhfwru zlwk wkdw ri
wkh sulydwh vhfwru lv jlyhq lq Fkdswhu : lq uhodwlrq wr pdqxidfwxulqj lqgxvwulhv1
4;Wdeoh 615= Pd{lpxp Olnholkrrg Hvwlpdwhv ri wkh Vruwlqj Surelwv ri wkh Uhgxfhg
Irup Mre Txhxh Prgho1
Yduldeoh LT Ixqfwlrq FIT Ixqfwlrq
Frh!flhqw Vwdqgdug Frh!flhqw Vwdqgdug
huuru huuru
Frqvwdqw 418775 319488 04193< 31595;
HGXF 3147;6 313987 0313449 313;54
HGXFVT 03133<< 313368 313468 31338;
H[SU 03136:< 313587 3134987 313367
H[SUVT 0313336 313337 313346 313344
WHQXUH 3139:6 313636 31494< 313698
WHQXUHVT 031334 31333< 0313369 313349




DGPFOHU 0315587 315967 031335 31548<
SURIWHFK 0313<96 31563< 31843: 315868
IRRGEHY 0317936 316:75 317459 31857:
RWKPDQX 03158:9 315795 03188;; 31534
RWKLQGXV 031;66 315654 0314:<9 315;4<
QRQDGGLV 31;74; 314<65 3167 31497;
Orj olnholkrrg 085519:
Qxpehu ri revhuydwlrqv 44:3
4<Wdeoh 616= Pd{lpxp Olnholkrrg Hvwlpdwhv ri Vruwlqj Surelwv ri wkh Uhgxfhg
Irup Qr0txhxh dqg Xqlyhuvdo Txhxh Prghov1
Yduldeoh Qr0txhxh Prgho Xqlyhuvdo Txhxh Prgho
Frh!flhqw Vwdqgdug Frh!flhqw Vwdqgdug
huuru huuru
Frqvwdqw 0416<;4 314<7; 0418 314;<;
HGXF 3149<7 3136;6 314955 3136:9
HGXFVT 0313374 313356 031336; 313355
H[SU 31354: 31344; 31358< 31344:
H[SUVT 0313337 313335 0313337 313335
WHQXUH 314658 31348; 314659 31348;
WHQXUHVT 0313363 313338 031335< 313338




DGPFOHU 03139<4 31455: 0313:84 31454;
SURIWHFK 315664 3145:; 315495 314599
IRRGEHY 3136;8 315455 313663 3153:;
RWKPDQX 0316344 3144:4 03165;< 314493
RWKLQGXV 03184;8 3146<6 031843; 3146:8
QRQDGGLV 3196<8 3146<6 319868 313<;3
Orj0olnholkrrg 088<189 08:31:5
Qxpehu ri revhuydwlrqv 44:3 44:3
53Lw vkrxog eh qrwhg wkdw wkh hvwlpdwhv uhsruwhg lq froxpqv 4 dqg 5 ri Wdeoh
616 duh dozd|v fruuhfw dv d ghvfulswlrq ri wkh ghwhuplqdwlrq ri wkh suredelolw| ri
d zrunhu kdylqj d sxeolf vhfwru mre uhjdugohvv ri zkhwkhu ru qrw wkh qr0txhxh
prgho dffxudwho| ghvfulehv wkh vruwlqj phfkdqlvp ehwzhhq sulydwh dqg sxeolf
vhfwru mrev1 Wkh ydolglw| ru rwkhuzlvh ri wkh qr0txhxh prgho pdwwhuv rqo| lq
wkh lqwhusuhwdwlrq ri wkh vdph suredelolw|1 Li wkh qr0txhxh prgho lv dffhswhg
dv wkh fruuhfw ghvfulswlrq ri wkh doorfdwlrq ri zrunhuv ehwzhhq wkh wzr vhfwruv/
wkhq wkh suredelolw| ri kdylqj d sxeolf vhfwru mre lv wkh vdph dv wkh suredelolw|
ri zdqwlqj wkh vdph mre1 Wkh odwwhu lv qrw/ ri frxuvh/ fruuhfw li wkh qr0txhxh
prgho lv uhmhfwhg lq idyrxu ri wkh txhxh prgho1 Vlqfh wklv lv/ lq idfw/ wkh fdvh/ zh
vkrxog uhdg froxpqv 4 dqg 5 ri wkh wdeoh dv qrwklqj pruh wkdq d ghvfulswlrq ri
wkh ghwhuplqdwlrq ri wkh suredelolw| ri d zrunhu ehlqj irxqg lq wkh sxeolf vhfwru1
Wdeoh 615 wkhq whoov xv dv wr krz wkh lq xhqfh ri d jlyhq yduldeoh rq wkh vdph
suredelolw| glylghv lqwr d frpsrqhqw wudqvplwwhg wkurxjk wkh LT suredelolw| dqg
rqh wudqvplwwhg wkurxjk wkh FIT suredelolw|1 Lw lv wkxv srvvleoh wkdw d yduldeoh
zklfk kdv d vwurqj lq xhqfh rq rqh ri wkh LT ru FIT suredelolwlhv dsshduv qrw wr
dhfw dw doo wkh suredelolw| ri d zrunhu dfwxdoo| ehlqj irxqg lq wkh sxeolf vhfwru
vlpso| ehfdxvh lwv hhfw frxqwhuydlov wkh hhfw rq wkh rwkhu suredelolw|1 Rq wkh
rwkhu kdqg/ d yduldeoh wkdw vkrzv xs dv d vwurqj lq xhqfh rq wkh suredelolw| ri
sxeolf vhfwru hpsor|phqw pd| ehdu qr uhodwlrqvkls wr rqh ri wkh LT suredelolw|
ru wr wkh FIT suredelolw|1
Wkxv zh vhh iurp Wdeoh 615 wkdw zrphq duh pruh olnho| wr kdyh d sxeolf vhfwru
mre wkdq phq qrw ehfdxvh wkh| duh pruh olnho| wr suhihu sxeolf vhfwru hpsor|phqw/
exw ehfdxvh/ dprqj wkrvh wkdw gr kdyh vxfk suhihuhqfh/ wkh| duh pruh olnho| wr eh
vhohfwhg e| sxeolf vhfwru hpsor|huv1 Vlploduo|/ surihvvlrqdo ru whfkqlfdo zrunhuv
duh pruh olnho| wr eh irxqg lq wkh sxeolf vhfwru wkdq rwkhu rffxsdwlrqdo jurxsv/ qrw
ehfdxvh wkh| duh pruh olnho| wr fkrrvh wkh vdph vhfwru/ exw ehfdxvh wkh| duh pruh
olnho| wr eh fkrvhq iurp wkh sxeolf vhfwru mre txhxh1 Rq wkh rwkhu kdqg/ d zdjh0
hpsor|hh lq d uhjlrqdo xuedq fhqwuh lv pruh olnho| wr eh irxqg lq wkh sxeolf vhfwru
wkdq d vlplodu zrunhu lq Dgglv Deded erwk ehfdxvh uhjlrqdo zrunhuv duh pruh
olnho| wr suhihu sxeolf vhfwru hpsor|phqw dqg ehfdxvh wkh vdph jurxs ri zrunhuv
duh pruh olnho| wr eh vhohfwhg e| wkh sxeolf vhfwru1 Olnhzlvh/ lqgxvwuldo zrunhuv duh
ohvv olnho| wr eh sxeolf vhfwru hpsor|hhv wkdq vhuylfh zrunhuv/ erwk ehfdxvh wkh|
duh ohvv olnho| wr fkrrvh sxeolf vhfwru mrev dqg ehfdxvh sxeolf vhfwru ghpdqg iru
vxfk zrunhuv lv orzhu1 D vlplodu ghfrpsrvlwlrq fdqqrw eh pdgh ri wkh lq xhqfh
ri idplo| edfnjurxqg rq wkh suredelolw| ri d zrunhu*v sxeolf vhfwru hpsor|phqw/
vlqfh wkh fruuhvsrqglqj yduldeohv duh h{foxghg iurp wkh FIT ixqfwlrq dv d phdqv
54ri lghqwli|lqj wkh sdudphwhuv ri erwk ixqfwlrqv1 Lq dv idu dv wklv h{foxvlrq lv ydolg/
L lqwhusuhw wkh uhvxowv uhsruwhg lq wkh wdeoh dv lqglfdwlyh ri d vljqlfdqw lq xhqfh
ri idplo| edfnjurxqg rq fkrlfh ri vhfwru1 Wklv lv lq wkh vhqvh wkdw zrunhuv zkrvh
idwkhu*v duh ru zhuh lq sulydwh vhfwru zdjh ru qrq0idup vhoi0hpsor|phqw duh ohvv
olnho| wr suhihu sxeolf vhfwru mrev wkdq zrunhuv zkrvh sdwhuqdo rffxsdwlrq zdv
wudglwlrqdo iduplqj1
Wxuqlqj wr wkh hhfw ri frqyhqwlrqdo kxpdq fdslwdo yduldeohv/ zh vkrxog qrwh
wkdw wkh yduldeoh WHQXUH/ lq wkh suhvhqw frqwh{w lv dq lqglfdwru ri mre vhfxulw|
iurp wkh srlqw ri ylhz ri zrunhuv dqg up0vshflf h{shulhqfh iurp wkh srlqw ri
ylhz ri hpsor|huv1 Ehfdxvh wkh phdq sxeolf vhfwru mre whqxuh lv wzlfh wkh jxuh
iru wkh sulydwh vhfwru/ zrunhuv dwwdfklqj juhdwhu zhljkw wr mre vhfxulw| duh pruh
olnho| wr suhihu wkh sxeolf vhfwru/ zkloh wkh sxeolf vhfwru zrxog suhihu zrunhuv zlwk
pruh lq0krxvh h{shulhqfh1 L wkhuhiruh h{shfw erwk wkh LT dqg FIT suredelolwlhv
wr lqfuhdvh zlwk whqxuh ryhu wkh fxuuhqw mre/ zklfk lv zkdw zh vhh lq Wdeoh 6151
Krzhyhu/ zh dovr vhh wkdw wkh lpsdfw ri wkh vdph yduldeoh rq wkh suredelolw| ri
kdylqj d sxeolf vhfwru mre rffxuv pruh wkurxjk wkh FIT suredelolw| wkdq wkurxjk
wkh LT suredelolw|1
Wkh hhfwv ri hgxfdwlrq dqg pdunhw h{shulhqfh rq wkh LT dqg FIT ixqfwlrqv
lv dqdo|vhg lq Wdeohv 617 dqg 6181 Wkh edvh jurxs xvhg iru frpsxwlqj uhvxowv
ri Wdeoh 617 frqvlvwv ri pdoh zrunhuv uhvlglqj lq Dgglv zlwk qhjoljleoh pdunhw
h{shulhqfh/ qhjoljleoh whqxuh ryhu wkh fxuuhqw mre/ d wudglwlrqdo iduphu dv d idwkhu
dqg hpsor|hg lq d qrq0surihvvlrqdo/ qrq0whfkqlfdo/ qrq0dgplqlvwudwlyh mre lq d
vhuylfh lqgxvwu|1 Wkh edvh jurxs xvhg iru wkh frpsxwdwlrq ri Wdeohv 618 frqvlvwv
ri zrunhuv zlwk < |hduv ri vfkrrolqj dqg d yduldeoh pdunhw h{shulhqfh exw rwkhuzlvh
kdylqj wkh vdph fkdudfwhulvwlfv dv wkh edvh jurxs ri Wdeohv 5171 Iroorzlqj Derzg
dqg Iduehu/ lw fdq eh dujxhg wkdw li sxeolf vhfwru zdjh udwhv duh pruh vwdqgduglvhg
ru frpsuhvvhg wkdq sulydwh vhfwru udwhv/ hlwkhu ehfdxvh ri wkh juhdwhu ghjuhh ri
xqlrqlvdwlrq ri sxeolf vhfwru mrev ru dv d pdwwhu ri d fhqwudolvhg sxeolf vhfwru
sd| srolf|/ wkhq d shuvrq*v ghvluh iru d sxeolf vhfwru mre vkrxog glplqlvk zlwk
wkh shuvrq*v vnloo dv phdvxuhg e| vfkrrolqj ru wkh ohyho ri pdunhw h{shulhqfh1 Rq
wkh rwkhu kdqg/ vlqfh wkh vdph frpsuhvvlrq ri udwhv dprxqwv wr d orzhulqj ri wkh
uhodwlyh sulfh ri kljkhu judghv ri vnloo/ lwv hhfw rq d frvw plqlplvlqj sxeolf vhfwru
hpsor|hu lv wr pdnh wkh hpsor|hu uhfuxlw pruh vnloohg zrunhuv wkdq wkh sulydwh
vhfwru dv orqj dv whfkqrorj| lv rqh ri vxevwdqwldo hodvwlflw| ri vxevwlwxwlrq ehwzhhq
vnloo judghv1 Lq rwkhu zrugv/ zh h{shfw wkh FIT ixqfwlrq wr lqfuhdvh lq vfkrrolqj
dqg h{shulhqfh zkloh wkh LT ixqfwlrq ghfuhdvhv lq erwk1 Wklv/ lqghhg/ lv zkdw
wkh gdwd vxjjhvw1 Iru lqvwdqfh/ zh vhh iurp froxpqv 4 dqg 6 ri Wdeoh 617 wkdw
55Wdeoh 617= Suredelolwlhv ri LT dqg FIT Vwdwxv dv Ixqfwlrqv ri Vfkrrolqj/ Uhgxfhg
Irup Mre Txhxh Prgho
+Vwdqgdug huuruv lq sduhqwkhvhv1,
\hduv ri LT vwdwxv FIT vwdwxv Sxeolf vhfwru hpsor|phqw
Vfkrrolqj Suredelolw| Pdujlqdo Suredelolw| Pdujlqdo Suredelolw| Pdujlqdo
h￿hfw h￿hfw h￿hfw
4 31<395 31357< 313438 0313336 31359 313435
+314475, +3135;8, +3133;6, 313357 +313457, +313366,
9 31<9:< 313354 3135<6 3134 314744 31359;
+313765, +31336<, +3134<8, 313393 +313687, +313389,
; 31<9<5 031333: 313955 313583 314<:3 3135;:
+3136<4, +31334;, +313686, 3135;: +313767, +313399,
45 31<9<5 0313395 31639; 3143<9 314<:3 3134<8
+31637<, +313386, +313;<4, 3135:7 +313748, +313399,
49 31;:8: 0313679 31;644 31438; 316;89 313475
+313<78, +313557, +3143<6, 3135:: +313:4<, +313894,
- Edvh jurxs fkdudfwhulvwlfv= d pdoh zrunhu uhvlglqj lq wkh fdslwdo zlwk qr pdunhw
h{shulhqfh/ qr fxuuhqw mre whqxuh/ d wudglwlrqdo iduphu dv d idwkhu dqg hpsor|hg lq d
qrq0surihvvlrqdo/ qrq0whfkqlfdo mre lq wkh vhuylfhv lqgxvwu|
56Wdeoh 618= Suredelolwlhv ri LT dqg FIT Vwdwxv dv Ixqfwlrqv ri Pdunhw H{shulhqfh/
Uhgxfhg Irup Mre Txhxh Prgho1
+Vwdqgdug huuruv lq sduhqwkhvhv,
LT vwdwxv FIT vwdwxv Sxeolf vhfwru
H{shulhqfh hpsor|phqw
+|hduv, Suredelolw| Pdujlqdo Suredelolw| Pdujlqdo Suredelolw|
h￿hfw h￿hfw
3 31<9:; 031335: 313<68 31335; 31558:
+3136<9, +313355, +313799, +31337<, +313798,
8 31<83: 0313375 314478 31338; 315899
+3137<7, +313363, +3136:5, +313375, +31373<,
43 31<579 0313396 31486; 313436 315;65
+313958, +31336<, +313749, +313375, +3136<:,
48 31<579 031339; 31486; 313467 316378
+3138;5, +31336;, +313779, +313379, +3137:3,
53 31;79< 0313455 315688 313549 3164<;
+314339, +31338:, +313<79, +313399, +31377;,
Qrwh= Edvh jurxs fkdudfwhulvwlfv= d pdoh zrunhu uhvlglqj lq wkh fdslwdo zlwk < |hduv ri
vfkrrolqj/ qr fxuuhqw mre whqxuh/ d wudglwlrqdo iduphu dv d idwkhu dqg hpsor|hg lq d
qrq0surihvvlrqdo/ qrq0whfkqlfdo mre lq wkh vhuylfhv lqgxvwu|
57sudfwlfdoo| hyhu|rqh zlwk ; |hduv ri vfkrrolqj ru ohvv lq wkh edvh jurxs lv lq wkh
txhxh iru sxeolf vhfwru mrev/ zkloh wkh suredelolw| ri ehlqj vhohfwhg iurp wkh txhxh
lv vxevwdqwldo rqo| iru wkrvh zlwk ; |hduv ru pruh ri vfkrrolqj1 Wkh uhvxow frphv
rxw hyhq pruh irufhixoo| lq wkh vhfrqg dqg irxuwk froxpv ri wkh vdph wdeoh/ zkhuh
wkh pdujlqdo hhfw ri vfkrrolqj rq wkh LT suredelolw| lv doprvw }hur iru wkrvh
zlwk ohvv wkdq 45 |hduv ri vfkrrolqj dqg qhjdwlyh iru wkrvh zlwk 45 |hduv ru pruh
hgxfdwlrq1 Lq frqwudvw/ wkh pdujlqdo hhfw ri vfkrrolqj rq wkh FIT suredelolw| lv
srvlwlyh dqg vljqlfdqw iru wkrvh zlwk 9 |hduv ri vfkrrolqj ru pruh1 Wkh slfwxuh lv
pruh ru ohvv wkh vdph zkhq lw frphv wr wkh lq xhqfh ri pdunhw h{shulhqfh1 Khuh
dovr/ sudfwlfdoo| hyhu| rqh zlwk 48 |hduv ri h{shulhqfh ru ohvv lv lq wkh txhxh/ zkloh
wkh suredelolw| ri ehlqj fkrvhq iurp wkh txhxh lv vxevwdqwldo rqo| iru wkrvh zlwk
pruh wkdq 48 |hduv ri h{shulhqfh dv fdq eh vhhq iurp wkh uvw dqg wklug froxpqv
ri Wdeoh 6181 Wklv wudqvodwhv wr wkh uhvxow/ lq wkh vhfrqg dqg irxuwk froxpqv/ wkdw
wkh pdujlqdo hhfw ri pdunhw h{shulhqfh rq wkh LT suredelolw| lv sudfwlfdoo| }hur
iru wkrvh zlwk ehorz 48 |hduv ri h{shulhqfh zkloh wkh pdujlqdo hhfw ri wkh vdph
yduldeoh rq wkh FIT suredelolw| lv srvlwlyh/ vljqlfdqw/ dqg lqfuhdvlqj iru wkrvh
zlwk 43 |hduv ru pruh ri h{shulhqfh1
6161 Hvwlpdwhg Zdjh Htxdwlrqv
Wkh ohdvw vtxduhv hvwlpdwhv ri wkh vhfwrudo zdjh htxdwlrqv duh uhsruwhg lq Wd0
eoh 6191 Dv fdq eh vhhq iurp wkh wdeoh wkh jrrgqhvv ri w ri wkh sxeolf vhfwru
htxdwlrq lv txlwh kljk e| wkh vwdqgdugv ri hvwlpdwhv uhsruwhg iru erwk ghyhorshg
dqg ghyhorslqj hfrqrplhv1 Wkh w ri wkh sulydwh vhfwru htxdwlrq lv qrw dv jrrg/
exw lv dovr frpsdudeoh wr wkrvh uhsruwhg lq/ iru h{dpsoh/ Olqgdxhu dqg Vderw
+4<;6,/ Whuuho +4<<6, dqg Kduwrj dqg Rrvwhuehhn +4<<6,1 Lq erwk fdvhv/ wkh fr0
h!flhqwv ri wkh kxpdq fdslwdo yduldeohv duh kljko| vljqlfdqw/ kdyh wkh h{shfwhg
vljqv dqg lpso| d vwulfwo| frqfdyh h{shulhqfh0hduqlqj dqg whqxuh0hduqlqj surohv1
Wkh frh!flhqwv ri hgxfdwlrq duh frpsdudeoh lq pdjqlwxgh wr wkrvh uhsruwhg e|
J|rxunr dqg Wudf| +4<;;, dqg Emrunoxqg dqg Pr!w +4<;:,1 Wkh pdjqlwxghv ri
wkh frh!flhqwv ri wkh pdunhw h{shulhqfh yduldeohv duh vlplodu wr wkrvh uhsruwhg lq
Urelqvrq dqg Wrpphv +4<;7,/ Olqgdxhu dqg Vderw +4<;6,/ J|rxunr dqg Wudf|
+4<;;,/ Kduwrj dqg Rrvwhuehhn +4<<6, dqg Whuuho +4<<6,1 Zh dovr vhh wkdw wkh udwh
ri uhwxuq wr vfkrrolqj lv kljkhu lq wkh sxeolf vhfwru zkloh wkh h{shulhqfh0hduqlqjv
dqg wkh whqxuh0hduqlqjv surohv duh vwhhshu lq wkh sulydwh vhfwru1 Wkh vhfrqg ri
wkhvh uhvxowv lv lq frqwudglfwlrq wr wkdw uhsruwhg e| Olqgdxhu dqg Vderw +4<;6,
iru Wdq}dqld exw lv frqvlvwhqw zlwk wkdw uhsruwhg e| Ydq ghu Jddj dqg Ylmyhuehuj
58Wdeoh 619= ROV Hvwlpdwhv ri Vhfwrudo Zdjh Htxdwlrqv/ Sxeolf dqg Sulydwh Vhfwruv1
Yduldeoh Sxeolf Vhfwru Sulydwh Vhfwru
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 04134;8 314385 031<74: 3147::
HGXF 313;88 3133:5 313:73 313443
H[SU 3134;8 313399 3134:7< 3133<:
H[SUVT 0313336 313334 0313334 313335
WHQXUH 313586 3133:< 31383; 31348:
WHQXUHVT 0313334 313336 031333; 313338
JHQGHU 313;46 313769 0313:3< 313<<7
SURIWHFK 317:37 313884 31853: 31473;
DGPFOHU 3155<8 313895 3144<8 314584
IRRGEHY 0313:<: 314334 0318389 3154::
RWKPDQX 03134:9 31393 0313854 314458
RWKLQGXV 3145<5 313;3< 313:<4 314473
QRQDGGLV 313<:; 31374<5 313956 31445;
U2 317; 315:
Dgm1 U2 317: 3158
Qxpehu ri revhuydwlrqv :6< 764
+4<;;, iru Frwh g*Lyrluh1 Wkh lqgxvwu| gxpplhv duh qrw vljqlfdqw lq hlwkhu zdjh
htxdwlrq zlwk wkh h{fhswlrq wkdw iru wkh irrg dqg ehyhudjhv lqgxvwulhv iru zklfk
zdjhv duh vljqlfdqwo| orzhu iru frpsdudeoh zrunhuv lq wkh sulydwh vhfwru1 Vrph0
zkdw vxusulvlqjo|/ zrphq rq dyhudjh hduq ohvv wkdq rwkhuzlvh frpsdudeoh phq lq
wkh sxeolf vhfwru/ zkloh lw lv qrw hylghqw wkdw wkhuh lv jhqghu zdjh glhuhqwldo lq
wkh sulydwh vhfwru1 Orfdwlrq lv dovr d vljqlfdqw lq xhqfh rq sxeolf vhfwru hduqlqjv
zkloh zdjhv lq wkh sulydwh vhfwru gr qrw dsshdu wr ydu| ehwzhhq wkh fdslwdo flw|
dqg uhjlrqdo wrzqv1 Zdjhv gr ydu| e| rffxsdwlrq lq erwk vhfwruv/ surihvvlrqdo
dqg whfkqlfdo zrunhuv dozd|v hduqlqj kljkhu wkdq zrunhuv ri rwkhuzlvh vlplodu
fkdudfwhulvwlfv lq rwkhu rffxsdwlrqv1 Qrq0surihvvlrqdo dgplqlvwudwlyh dqg fohulfdo
zrunhuv dovr vhhp wr hqmr| d zdjh suhplxp lq wkh sxeolf vhfwru/ zklfk lv qrw wkh
fdvh lq wkh sulydwh vhfwru1
Hvwlpdwhv ri frqglwlrqdo zdjh htxdwlrqv fruuhvsrqglqj wr wkh mre txhxh prgho
duh uhsruwhg lq Wdeoh 61:/ zklfk vkrzv wkdw wkh ROV hvwlpdwhv ri wkh zdjh htxd0
wlrqv ri erwk vhfwruv duh vxemhfw wr vljqlfdqw eldv dulvlqj iurp vhoi0vhohfwlylw|
59ru hpsor|hu vhohfwlylw|1 Erwk vhohfwlylw| whupv duh vljqlfdqw lq wkh dgmxvwhg
sxeolf vhfwru frqglwlrqdo zdjh htxdwlrq1 Dqg/ dowkrxjk wkhuh lv qr hylghqfh ri
vhoi0vhohfwlylw| eldv lq wkh ROV hvwlpdwhv ri wkh sulydwh vhfwru zdjh htxdwlrq/
hpsor|hu0vhohfwlylw| eldv lv hylghqw1 Wkh qxoo ri qr vhohfwlylw| eldv lv uhmhfwhg iru
hdfk htxdwlrq dw wkh yh shu fhqw ohyho ri vljqlfdqfh1 Ghvslwh wkh eldv lq wkh
xqdgmxvwhg ohdvw vtxduh hvwlpdwhv wkh vljqv ri wkh vdph hvwlpdwhv duh uhsurgxfhg
lq wkrvh ri wkh dgmxvwhg hvwlpdwhv1 Wkh pdlq lpsolfdwlrq ri vhohfwlylw| eldv lv
wkdw wkh udwh ri uhwxuq wr kxpdq fdslwdo lq jhqhudo dqg hgxfdwlrq lq sduwlfxodu lv
jurvvo| ryhuhvwlpdwhg e| ROV vtxduhv hvwlpdwhv1
Wkh hvwlpdwhg ydoxh ri wkh sursruwlrq ri sulydwh vhfwru zrunhuv zkr kdyh ehhq
udwlrqhg rxw ri wkh sxeolf vhfwru lv 31;7<1 Lw lv wkhuhiruh qrw vxusulvlqj wkdw wkh
qr0txhxh prgho lv uhmhfwhg e| wkh M0whvw1 Krzhyhu/ L fdqqrw uhmhfw wkh xqlyhuvdo0
txhxh prgho rq wkh edvlv ri wkh vdph whvw1 Lqghhg/ hvwlpdwhv ri wkh frqglwlrqdo
zdjh htxdwlrq ri hlwkhu vhfwru rewdlqhg xqghu wkh txhxh prgho dqg dv uhsruwhg
lq Wdeoh 61: duh sudfwlfdoo| wkh vdph dv wkrvh rewdlqhg xqghu wkh uhvwulfwlrq ri d
xqlyhuvdo mre0txhxh +Wdeoh 6143,1 Rq wkh rwkhu kdqg/ hvwlpdwhv rewdlqhg xqghu
wkh qr0txhxh prgho +Wdeoh 61;, duh idluo| forvh wr wkh xqdgmxvwhg ohdvw vtxduhv
hvwlpdwhv iru hlwkhu vhfwru1 Lw lv lpsruwdqw wr qrwh wkdw wkh vhohfwlylw| uhjuhvvruv
xvhg lq wkh hvwlpdwlrq ri wkh frqglwlrqdo zdjh htxdwlrqv xqghu wkh dowhuqdwlyh qr0
txhxh dqg xqlyhuvdo0txhxh uhvwulfwlrqv dv uhsruwhg lq Wdeohv 61; dqg 6143 duh edvhg
rq hvwlpdwhv ri wkh uhgxfhg irup sdudphwhuv ri wkh jhqhudo elyduldwh vshflfdwlrq
ri wkh vzlwfklqj surelw dv uhsruwhg lq Wdeoh 6151 Vrph orvv ri h!flhqf| lv wkhuhiruh
erxqg wr uhvxow lq hlwkhu fdvh vkrxog wkh qr0txhxh ru wkh xqlyhuvdo0txhxh prghov
eh lq idfw fruuhfw1 Li wkh qr0txhxh prgho zhuh qrw uhmhfwhg pruh h!flhqw hvwlpdwhv
ri wkh frh!flhqwv ri wkh xqfrqglwlrqdo zdjh htxdwlrqv zrxog eh surylghg e| Wdeoh
61<1 Olnhzlvh li wkh vlpsoh surelw xqlyhuvdo txhxh vshflfdwlrq zhuh qrw uhmhfwhg
pruh h!flhqw hvwlpdwhv ri wkh frh!flhqwv ri wkh xqfrqglwlrqdo zdjh htxdwlrqv
zrxog eh surylghg e| froxpqv Wdeoh 61441
Wkh vhohfwlylw| eldv ri ROV hvwlpdwhv ri frh!flhqwv ri wkh xqfrqglwlrqdo vhf0
wrudo zdjh ixqfwlrqv qdwxudoo| wudqvodwhv wr d eldv lq wkh ROV hvwlpdwh ri wkh sxuh
vhfwrudo phdq zdjh glhuhqwldo1 Iroorzlqj J|rxunr dqg Wudf| +4<;;, L glvwlqjxlvk
ehwzhhq wkh xqfrqglwlrqdo dqg wkh frqglwlrqdo sxuh phdq zdjh glhuhqwldov1 Wkh
uvw ri wkhvh lv wkh phdq ri h{shfwhg hduqlqjv glhuhqwldov rq zklfk zrunhuv edvh
wkhlu vhfwru suhihuhqfh1 Lw wkhuhiruh glvuhjdugv vhohfwlrq hhfwv lq wkh ghwhuplqd0
wlrq ri dfwxdo ru frqglwlrqdo zdjhv1 Wkh frqglwlrqdo phdq glhuhqwldo lq frqwudvw
lv edvhg rq wkh uhodwlyh hduqlqj srvlwlrq ri d zrunhu rqfh wkh vhfwru ri hpsor|0
phqw ri wkh zrunhu kdv ehhq ghwhuplqhg1 Lw glhuv iurp wkh xqfrqglwlrqdo phdq
5:Wdeoh 61:= Vhohfwlylw| Dgmxvwhg Ohdvw Vtxduhv Hvwlpdwhv ri Vhfwrudo Zdjh Htxd0
wlrqv/ Mre Txhxh Prgho1
Yduldeoh Sxeolf Vhfwru Sulydwh Vhfwru
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 0319< 314:;6 031:479 317469
HGXF 3139;< 3133<7 313363 31354:
H[SU 3134:8 313399 313566 31343:
H[SUVT 0313338 313335 0313343 313336
WHQXUH 313485 3134 313487 313588
WHQXUHVT 313336 313336 0313339 313339
JHQGHU 314554 3137:< 314;6< 314573
SURIWHFK 317559 3138:6 315344 3148;<
DGPFOHU 315348 3138:8 3137:6 314586
IRRGEHY 0314778 314353 0319544 3154<4
RWKPDQX 03134;5 313946 31555< 3146<;
RWKLQGXV 3139<; 313<37 314557 314746







Dgm1 U2 317: 315:
Qxpehu ri revhuydwlrqv :6< 764
5;Wdeoh 61;= Vhohfwlylw| Dgmxvwhg Ohdvw Vtxduhv Hvwlpdwhv ri Vhfwrudo Zdjh Htxd0
wlrqv/ Qr0txhxh Uhvwulfwlrqv zlwk Elyduldwh Vruwlqj Surelw1
Yduldeoh Sxeolf Vhfwru Sulydwh Vhfwru
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 041375< 314394 0318665 315::9
HGXF 313;6:9 3133:5 313:66 31343<
H[SU 3134;9 313399 313466 3134
H[SUVT 0313337 313335 0313335 313335
WHQXUH 3135<5 3133;5 3138;: 313496
WHQXUHVT 0313334 313336 031333< 313338
JHQGHU 313:6: 31376; 0313<95 314335
SURIWHFK 3177<6 313897 317;9: 31474;
DGPFOHU 3153:7 3138:: 3133; 31459<
IRRGEHY 031438; 314345 0318;9; 315555
RWKPDQX 03136:5 313943 0313<3; 314477
RWKLQGXV 31394 313<39 031377< 314676
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Qxpehu ri revhuydwlrqv :6< 764
5<Wdeoh 61<= Vhohfwlylw| Dgmxvwhg Ohdvw Vtxduhv Hvwlpdwhv ri Vhfwrudo Zdjh Htxd0
wlrqv/ Qr0txhxh Prgho/ Xqlyduldwh Vruwlqj Surelw1
Yduldeoh Sxeolf Vhfwru Sulydwh Vhfwru
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 0416634 315779 031<6:; 3147;3
HGXF 313<9 313436 313;47 3134;9
H[SU 313546 31339< 3134<; 31343;
H[SUVT 0313337 313334 0313335 313335
WHQXUH 3136;9 313456 313936 31357<
WHQXUHVT 0313337 313336 031334 31333:
JHQGHU 313674 31387< 03143;< 314595
SURIWHFK 317:9 313885 31874< 3147:7
DGPFOHU 3154;7 31389: 314493 314587
IRRGEHY 03139:5 314337 0318445 3154;5
RWKPDQX 03136;< 31394; 0313:88 314555
RWKLQGXV 313:;5 313;;8 3137:48 314647
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Qxpehu ri revhuydwlrqv :6< 764
63Wdeoh 6143= Vhohfwlylw| Dgmxvwhg Ohdvw Vtxduhv Hvwlpdwhv ri Vhfwrudo Zdjh Htxd0
wlrqv/ Xqlyhuvdo0txhxh Uhvwulfwlrqv zlwk Elyduldwh Vruwlqj Surelw1
Yduldeoh Sxeolf Vhfwru Sulydwh Vhfwru
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 0319:67 314:;6 031:46: 31487:
HGXF 313:45 3133<6 31333< 313538
H[SU 3134:7 313399 313567 3133<9
H[SUVT 0313337 313334 031334 313336
WHQXUH 313447 3133<; 03134;: 31355:
WHQXUHVT 313336 313336 313339 313339
JHQGHU 3145;; 3137:; 314<8< 314498
SURIWHFK 317787 31388< 314<:: 3148;5
DGPFOHU 31557; 31389 313847 31456;
IRRGEHY 0314494 31433< 0319438 315483
RWKPDQX 31334: 313936 315684 3145<<
RWKLQGXV 314746 313;3; 31479; 314463
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Qxpehu ri revhuydwlrqv :6< 764
64Wdeoh 6144= Vhohfwlylw| Dgmxvwhg Ohdvw Vtxduhv Hvwlpdwhv ri Vhfwrudo Zdjh Htxd0
wlrqv/ Xqlyhuvdo Txhxh Prgho zlwk Xqlyduldwh Vruwlqj Surelw1
Yduldeoh Sxeolf Vhfwru Sulydwh Vhfwru
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 0513;< 31633; 031<557 3147;;
HGXF 314543 31344: 314364 313636
H[SU 3135;9 3133:4 31358< 31345:
H[SUVT 0313338 313334 0313336 313335
WHQXUH 313:37 313475 313;;4 3136<8
WHQXUHVT 0313344 313337 0313349 31333<
JHQGHU 0313;38 31393: 03154;: 314:7:
SURIWHFK 317<4; 31387< 319358 314949
DGPFOHU 314<:7 313896 313<98 3145:4
IRRGEHY 0313879 313<<6 0318355 3154::
RWKPDQX 0313;;6 313956 0314794 31477<
RWKLQGXV 031379< 313<59 031376: 314983
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Qxpehu ri revhuydwlrqv :6< 764
65Wdeoh 6145= Hvwlpdwhv ri wkh Phdq Sxeolf Vhfwru Zdjh Suhplxp Xqghu Dowhuqd0
wlyh Dvvxpswlrqv Derxw Vdpsoh Vhohfwlrq1
Prgho Phdq Sxeolf Vhfwru Zdjh Suhplxp +(,
Xqfrqglwlrqdo Frqglwlrqdo
Qr Vdpsoh Vhohfwlrq 05417
Mre Txhxh Prgho 6<15 431<
Qr txhxh Prgho 07314 05314
Xqlyhuvdo Txhxh Prgho 971< 4715
glhuhqwldo lq dv idu dv vhohfwlrq hhfwv duh gxh wr glhuhqfhv lq udwhv ri uhwxuq wr
xqrevhuydeoh zrunhu fkdudfwhulvwlfv udwkhu wkdq gxh wr glhuhqfhv lq ohyhov ri wkh
vdph fkdudfwhulvwlfv1 Ohw f eh wkh srsxodwlrq phdq yhfwru ri revhuyhg zrunhu
dqg lqgxvwu| fkdudfwhulvwlfv1 Vlqfh L dp dvvxplqj wkdw zdjhv duh glvwulexwhg orj
qrupdo wkh xqfrqglwlrqdo phdq zdjh glhuhqwldo lv jlyhq e|















Wr rewdlq wkh fruuhvsrqglqj frqglwlrqdo glhuhqwldo zh dgg whupv ri vhohfwlrq
hhfwv hydoxdwhg dw wkh srsxodwlrq phdq wr wkh eudfnhwhg whupv ri htxdwlrq 6141
Wkxv wkh h{suhvvlrq iru wkh frqglwlrqdo phdq zdjh glhuhqwldo ri wkh txhxh prgho
lv
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Wkh txhxh prgho lpsolhv wkdw wkh xqfrqglwlrqdo phdq zdjh ri wkh sxeolf vhfwru
lv qhduo| 417 wlphv wkh xqfrqglwlrqdo phdq zdjh ri wkh sulydwh vhfwru +Wdeoh 6145,1
Krzhyhu/ wkh frqglwlrqdo phdq sxeolf vhfwru zdjh suhplxp lv pxfk orzhu dw 44
shu fhqw1 Erwk glhuhqwldov vkduso| frqwudvw zlwk wkh 54 shu fhqw xqfrqglwlrqdo
phdq sulydwh vhfwru zdjh suhplxp zh zrxog jhw li zh vxssuhvvhg wkh sureohp ri
vdpsoh vhohfwlrq dowrjhwkhu1 Wkh qr0txhxh prgho dfwxdoo| pdjqlhv wkh eldv lq
66wkh hvwlpdwhg phdq glhuhqwldo lpso|lqj d sulydwh vhfwru xqfrqglwlrqdo suhplxp
ri pruh wkdq 73 shu fhqw dqg frqglwlrqdo suhplxp ri 53 shu fhqw1 Dv lv wr eh
h{shfwhg wkh phdq zdjh glhuhqwldo rewdlqhg xqghu wkh xqlyhuvdo txhxh uhvwulfwlrq
lv txlwh forvh wr wkdw ri wkh jhqhudo prgho lpso|lqj d sxeolf vhfwru xqfrqglwlrqdo
suhplxp ri 98 shu fhqw dqg frqglwlrqdo suhplxp ri 4715 shu fhqw1
6171 Hvwlpdwhv ri Vwuxfwxudo LT dqg FIT Surelwv
Pd{lpxp olnholkrrg hvwlpdwhv ri wkh vwuxfwxudo vruwlqj surelwv ri wkh txhxh prgho
duh suhvhqwhg lq Wdeoh 6146 zkloh wkrvh ri wkh qr0txhxh dqg xqlyhuvdo txhxh prghov
duh jlyhq lq Wdeoh 61471 Wkh prvw uhpdundeoh ri wkh uhvxowv ri wkh hvwlpdwlrq ri wkh
qr0txhxh prgho lv wkdw wkh sxeolf yhuvxv sulydwh vhfwru zdjh glhuhqwldo lv qrw d
vljqlfdqw lq xhqfh rq wkh vhfwrudo fkrlfh ri zrunhuv1 D vlplodu uhvxow lv uhsruwhg
e| Ydq ghu Jddj dqg Ylmyhuehuj +4<;:, zkr hvwlpdwhg wkh vdph prgho iru Frwh
g*Lyrluh1 Ydq ghu Jddj dqg Ylmyhuehuj vhhp wr h{sodlq wkhlu qglqj dv d frqvh0
txhqfh ri qrq0zdjh ehqhwv ehlqj d kljk sursruwlrq ri wkh frpshqvdwlrq sdfndjh
ri sxeolf vhfwru zrunhuv1 Jloo +4<;;, uhsruwv d vlplodu uhvxow lq d voljkwo| glhuhqw
frqwh{w dqg dujxhv wkdw wkh qglqj pd| eh ehfdxvh frqwhpsrudqhrxv zdjh gli0
ihuhqwldov srruo| sur{| iru h{shfwhg olihwlph hduqlqj glhuhqwldov1 P| hvwlpdwhv
ri wkh txhxh prgho srlqw wr d pruh lpphgldwh h{sodqdwlrq wkdq hlwkhu ri wkhvh=
wkdw wkh qr0txhxh prgho lv d plvvshflfdwlrq ri wkh dfwxdo vruwlqj phfkdqlvp1
Dffruglqj wr wkh hvwlpdwhg txhxh prgho wkh sxeolf0sulydwh zdjh glhuhqwldo lv/
lq idfw/ cwkh vlqjoh prvw lpsruwdqw idfwru* lq wkh ghwhuplqdwlrq ri zrunhuv* vhfwru
suhihuhqfhv1 Zh gr qrw uhdg wkh vdph uhvxow iurp wkh hvwlpdwlrq ri wkh qr0txhxh
prgho vlpso| ehfdxvh wkh surfhgxuh ohdgv wr eldvhg hvwlpdwhv ri wkh glhuhqwldo1
Sdudphwhu hvwlpdwhv ri wkh xqlyhuvdo txhxh prgho duh eurdgo| vlplodu wr wkrvh ri
FIT ixqfwlrq ri wkh txhxh prgho1 Krzhyhu/ e| frqvwuxfwlrq wkh xqlyhuvdo txhxh
prgho lpsolhv wkdw zrunhu suhihuhqfhv dqg/ khqfh/ vhfwrudo zdjh glhuhqwldov/ sod|
qr sduw lq wkh doorfdwlrq ri zrunhuv ehwzhhq wkh wzr vhfwruv1 Wklv lv d uhvwulfwlrq
rq wkh txhxh prgho wkdw zh zhuh xqdeoh wr uhmhfw rq wkh edvlv ri wkh M0whvw iru
d txhxh1 Krzhyhu/ zh kdyh uhmhfwhg wkh vdph uhvwulfwlrq edvhg rq Derzg dqg
Iduehu*v whvw dssolhg wr wkh uhgxfhg irup vruwlqj surelwv1 Derzg dqg Iduehu*v
whvw iru d mre txhxh fdq dovr frqgxfwhg rq wkh edvlv ri hvwlpdwhv ri wkh vwuxfwxudo
surelwv dqg djdlq ohdgv wr d uhmhfwlrq ri wkh xqlyhuvdo txhxh prgho lq idyrxu ri
wkh txhxh prgho1 Wkh orj olnholkrrg ri wkh xqlyhuvdo txhxh prgho lv 08:515 zklfk
frpsduhv wr d orj0olnholkrrg ri 085;17 iru wkh txhxh prgho1
Irfxvlqj rq sdudphwhu hvwlpdwhv ri wkh txhxh prgho/ zh vhh iurp Wdeoh 6146
67Wdeoh 6146= Pd{lpxp Olnholkrrg Hvwlpdwhv ri Vwuxfwxudo Sdudphwhuv ri wkh Mre
Txhxh Prgho1
Yduldeoh LT Ixqfwlrq FIT Ixqfwlrq
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 041:474 315788 0318899 31<:<6
g *?`￿￿  g *?`2￿ 414377 317679
f￿e q￿ n e j￿v￿
e b￿￿ 071443< 413539
HGXF 03137956 313:;6 31686: 313<63
HGXFVT 3133<; 313383 0313386 31336;
H[SU 3135<; 3135:8 313644 31369;
H[SUVT 313335 31333< 0313353 313339
WHQXUH 314679 313655 31398< 3136;3
WHQXUHVT 0313369 313347 313348 313344




DGPFOHU 0314;73 31538: 31:538 316;97
SURIWHFK 315458 3155:8 41:457 318558
QRQDGGLV 31564: 314934 31<837 31544;
Orj olnholkrrg 085;175
Qxpehu ri revhuydwlrqv 44:3
68Wdeoh 6147= Pd{lpxp Olnholkrrg Hvwlpdwhv ri wkh Vwuxfwxudo Sdudphwhuv ri wkh
Qr0txhxh dqg Xqlyhuvdo Txhxh Prghov1
Yduldeoh Qr0txhxh Prgho Xqlyhudo0txhxh Prgho
Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
Frqvwdqw 0417:88 3158<: :14:;5 51965:
j *?`￿￿  j *?`2￿ 313:;7 317:47
g *?`￿￿ 0714:98 4157:8
HGXF 314996 3136;; 03166;4 314859
HGXFVT 031336: 313355 0313373 313355
H[SU 313539 31344; 0313<58 3136:3
H[SUVT 0313336 313335 313349 313339
WHQXUH 314659 3134;9 031493: 313;;6
WHQXUHVT 313363 313339 31334: 313348




DGPFOHU 03169:3 3145<6 031;<8< 315;94
SURIWHFK 315:85 314659 041;653 31968<
QRQDGGLV 3195<; 313<<3 03189:5 316:75
Orj olnholkrrg 089;198 08:71:6
Qxpehu ri revhuydwlrqv 44:3 44:3
69wkdw/ rqfh zh frqwuro iru h{shfwhg vhfwrudo zdjh glhuhqwldov/ idplo| edfnjurxqg dv
lqglfdwhg e| sdwhuqdo hpsor|phqw vwdwxv lv wkh vwurqjhvw lq xhqfh rq d zrunhu*v
ghvluh iru d sxeolf vhfwru mre1 Lw lv iroorzhg e| jhqghu/ orfdwlrq ri uhvlghqfh
dqg kxpdq fdslwdo lq wkdw rughu ri lpsruwdqfh1 Iurp wkh uhfuxlwphqw srlqw ri
ylhz/ wkh zdjh d zrunhu zrxog frppdqg dv d sxeolf vhfwru hpsor|hh lv wkh prvw
lpsruwdqw ghwhuplqdqw ri wkh olnholkrrg ri wkh zrunhu ehlqj vhohfwhg iurp wkh
txhxh iru sxeolf vhfwru mrev= jlyhq wkh sxeolf vhfwru*v uhfuxlwphqw srolf|/ zrunhuv
rq wkh orzhu hqg ri wkh sd| vfdoh duh pruh olnho| wr eh vhohfwhg1 Wklv ixuwkhu
vxssruwv wkh k|srwkhvlv wkdw sxeolf vhfwru hpsor|huv duh frvw plqlplvhuv/ d uhvxow
douhdg| vxjjhvwhg e| wkh uhgxfhg irup pdujlqdo hhfwv ri vnloo yduldeohv rq FIT
suredelolwlhv1
Lq Wdeohv 6148 wr 6149 L uhsruw hvwlpdwhv ri wkh dyhudjh LT suredelolwlhv ri wkh
edvh jurxs dw ydulrxv ohyhov ri vfkrrolqj dqg pdunhw h{shulhqfh1 D frpsdulvrq
ri wkhvh zlwk Wdeohv 617 dqg 618 vkrzv wkdw wkh kljkhu dyhudjh LT suredelolwlhv
ri kljkhu vnloo jurxsv duh edvlfdoo| d uhvxow ri d srvlwlyh fruuhodwlrq ehwzhhq vnloo
dqg h{shfwhg vhfwrudo zdjh glhuhqwldo1 Lq wkh devhqfh ri d srvlwlyh sxeolf vhfwru
zdjh suhplxp/ wkh suredelolw| wkdw d zrunhu ri dq| vnloo jurxs suhihuv sxeolf
vhfwru hpsor|phqw lv qhjoljleoh h{fhsw dw h{wuhpho| kljk ohyhov ri vfkrrolqj ru
h{shulhqfh1 Rq wkh rwkhu kdqg/ gxh wr d vwurqj srvlwlyh fruuhodwlrq ehwzhhq vnloo
dqg sxeolf vhfwru zdjh udwhv/ wkh dyhudjh uhgxfhg irup FIT suredelolw| ri d kljk
vnloo jurxs xqghuhvwlpdwhv wkh fruuhvsrqglqj vwuxfwxudo suredelolw|1 Wr wkh h{0
whqw pruh vnloohg zrunhuv frppdqg kljkhu zdjhv/ wkh| duh ohvv dwwudfwlyh wr frvw
plqlplvlqj hpsor|huv1 Wr wkh h{whqw wkdw kljkhu vnloo phdqv kljkhu surgxfwlylw|/
wkh olnholkrrg ri ehlqj vhohfwhg iurp d mre txhxh lqfuhdvhv zlwk vnloo1 Wkh dyhudjh
FIT suredelolw| ri d kljk vnloo jurxs wkdw zh fdofxodwh e| {lqj wkh sxeolf vhfwru
zdjh dw d udwh wkdw lv xqlirup dfurvv vnloo jurxsv pxvw wkhuhiruh eh kljkhu wkdq
wkh dyhudjh suredelolw| zh rewdlq rq wkh edvlv ri hvwlpdwhv ri wkh uhgxfhg irup
FIT ixqfwlrq/ lq zklfk zh fdqqrw frqwuro iru yduldwlrq lq wkh frvw ri hpsor|phqw1
Wkdw vdlg/ zh vkrxog qrwh wkdw wkh edvlf lpsolfdwlrq ri wkh uhgxfhg irup vruwlqj
phfkdqlvp wkdw wkh LT suredelolw| ghfuhdvhv ru lv lqyduldqw zlwk vnloo zkloh wkh
FIT suredelolw| lqfuhdvhv zlwk wkh vdph/ lv frquphg e| hvwlpdwhv ri wkh vwuxf0
wxudo surelwv1 Wklv zh fdq vhh iurp Wdeohv 6148 dqg 6149/ zkhuh wkh pdujlqdo
hhfwv ri hgxfdwlrq dqg pdunhw h{shulhqfh rq wkh LT suredelolw| duh qrw vwdwlvwl0
fdoo| glhuhqw iurp }hur h{fhsw dw wkh h{wuhph vfkrrolqj ru h{shulhqfh ohyhov1 Lq
frqwudvw/ wkh pdujlqdo hhfwv ri wkh vdph yduldeohv rq wkh FIT suredelolw| duh
srvlwlyh/ vljqlfdqw dqg jhqhudoo| lqfuhdvlqj1
Dqrwkhu pdmru srlqw ri glhuhqfh ehwzhhq wkh lqirupdwlrq frqwhqw ri wkh uh0
6:Wdeoh 6148= Suredelolwlhv ri LT dqg FIT Vwdwxv dv Ixqfwlrqv ri Vfkrrolqj/ Vwuxf0
wxudo Mre Txhxh Prgho1
+Vwdqgdug huuruv lq sduhqwkhvhv,
Vfkrrolqj LT dw ]hur H{shfwhg Zdjh Suhplxp FIT dw Phdq Sxeolf Vhfwru Zdjh
+|hduv, Suredelolw| Pdujlqdo H￿hfw Suredelolw| Pdujlqdo H￿hfw
3 313435 0313346 3133<7 3133;<
+3133:7, +313358, +313664, +313593,
9 313458 313356 3166:< 314395
+313436, +313357, +316883, +313646,
; 3134<: 313386 318897 314397
+31349:, +31337:, +316756, +313738,
45 3134<: 3133<4 31;:4< 3137:9
+3134<6, +3133;<, +314773, +3137:8,
49 315<67 313<56 31<:83 31343;
+314<6;, +313896, +3136:3, +31346<,
- Edvh jurxs fkdudfwhulvwlfv= d pdoh zrunhu uhvlglqj lq wkh fdslwdo zlwk qr pdunhw
h{shulhqfh/ qr fxuuhqw mre whqxuh/ d wudglwlrqdo iduphu dv d idwkhu dqg hpsor|hg lq d
qrq0surihvvlrqdo/ qrq0whfkqlfdo mre lq wkh vhuylfh lqgxvwu|
6;Wdeoh 6149= Suredelolwlhv ri LT dqg FIT Vwdwxv dv Ixqfwlrqv ri Pdunhw H{shul0
hqfh/ Vwuxfwxudo Mre Txhxh Prgho1
+Vwdqgdug huuruv lq sduhqwkhvhv,
H{shulhqfh LT dw ]hur H{shfwhg Zdjh Suhplxp FIT dw Phdq Sxeolf Vhfwru Zdjh
+|hduv, Suredelolw| Pdujlqdo H￿hfw Suredelolw| Pdujlqdo H￿hfw
3 313595 31334; 3198:9 3133<4
+313553, +313346, +316334, +3133::,
8 3136:4 313359 319<86 31343:
+313578, +31334:, +3157;4, +31339:,
43 313858 313369 319<99 313457
+31363:, +313355, +31553<, +313386,
48 313858 31336; 319<99 313464
+31364:, +313358, +31535:, +31337:,
53 313<97 313398 31:667 313483
+3138:7, +313374, +314;:7, +313395,
- Edvh jurxs fkdudfwhulvwlfv= d pdoh zrunhu uhvlglqj lq wkh fdslwdo zlwk < |hduv ri
vfkrrolqj/ qr fxuuhqw mre whqxuh/ d wudglwlrqdo iduphu dv d idwkhu dqg hpsor|hg lq d
qrq0surihvvlrqdo/ qrq0whfkqlfdo mre lq wkh vhuylfhv lqgxvwu|
6<gxfhg irup dqg vwuxfwxudo vruwlqj surelwv ri wkh txhxh prgho frqfhuqv wkh uroh
ri jhqghu lq wkh LT dqg FIT ixqfwlrqv1 Dv srlqwhg rxw hduolhu/ p| hvwlpdwhv ri
uhgxfhg irup sdudphwhuv lpso| wkdw dowkrxjk zrphq duh qr pruh olnho| wr suh0
ihu sxeolf vhfwru hpsor|phqw wkdq phq/ wkh| kdyh d juhdwhu suredelolw| ri ehlqj
vhohfwhg iurp wkh sxeolf vhfwru mre txhxh1 Dffruglqj wr wkh uvw froxpq ri Wdeoh
6146 wklv lv wkh fdvh rqo| ehfdxvh zh idlo wr frqwuro iru wkh lq xhqfh ri zdjh glhu0
hqwldov rq vhfwru suhihuhqfhv lq hvwlpdwlqj wkh uhgxfhg irup vruwlqj phfkdqlvp1
Wkh hvwlpdwhv ri wkh vwuxfwxudo sdudphwhuv ri wkh vdph phfkdqlvp uhyhdo wkdw/ iru
d jlyhq vhfwrudo zdjh glhuhqwldo/ zrphq duh/ lq idfw pruh olnho| wr fkrrvh sxeolf
vhfwru hpsor|phqw wkdq phq zkloh/ jlyhq wkh sxeolf vhfwru zdjh udwh/ hpsor|huv
duh pruh olnho| wr vhohfw phq wkdq zrphq iurp wkh sxeolf vhfwru mre txhxh1 Lq
rwkhu zrugv/ wkdw zrphq duh qrw vhhq wr kdyh juhdwhu suhihuhqfh iru sxeolf vhfwru
mrev iurp wkh uhgxfhg irup hvwlpdwhv lv d frqvhtxhqfh ri wkh idfw wkdw wkh sxeolf
vhfwru zdjh suhplxp lv orzhu lq wkhlu fdvh1 Vlploduo|/ wkh uhgxfhg irup hvwlpdwhv
vxjjhvw wkdw zrphq kdyh d kljkhu suredelolw| ri ehlqj vhohfwhg iurp wkh sxeolf
vhfwru mre txhxh rqo| ehfdxvh wkh frvw ri hpsor|lqj d ihpdoh zrunhu lv orzhu wr
sxeolf vhfwru hpsor|huv wkdq wkh frvw ri hpsor|lqj dq rwkhuzlvh frpsdudeoh pdoh1
71 Vxppdu| dqg Frqfoxvlrq
Lq wklv sdshu L kdyh dwwhpswhg wr whvw dqg phdvxuh wkh h{lvwhqfh dqg vfrsh ri d
sxeolf vhfwru mre txhxh lq Hwklrsld*v xuedq oderxu pdunhw1 Lq rughu wr fduu| rxw
wkh whvw L kdyh h{whqghg Ohh*v wzr vwdjh vwuxfwxudo surelw dqdo|vlv e| uhsodflqj
wkh xqlyduldwh vshflfdwlrq ri wkh vruwlqj surelw e| Srlulhu*v surelw zlwk sduwldo
revhuydeololw|1 Wkh uhvxowv uhmhfw wkh devhqfh ri mre udwlrqlqj lq idyrxu ri d sduwldo
txhxh iru sxeolf vhfwru mrev1 Wkh txhxh lv odujho| gxh wr wkh h{shfwdwlrq ri odujh
sxeolf vhfwru zdjh suhplxpv wkh phdq ri zklfk lv hvwlpdwhg dw 44 shu fhqw li zh
ljqruh uhwxuqv wr xqrevhuydeoh zrunhu fkdudfwhulvwlfv dqg dw wkh khiw| jxuh ri 73
shu fhqw rwkhuzlvh1
Krzhyhu/ wkhuh lv pruh wr wkh ohqjwk ru wkh frpsrvlwlrq ri wkh txhxh wkdq
wkh h{shfwdwlrq ri kljkhu sxeolf vhfwru zdjhv1 Zkhq L frqwuro iru lqglylgxdo
glhuhqfhv lq wkh h{shfwhg sxeolf vhfwru zdjh suhplxp/ idplo| edfnjurxqg dv
lqglfdwhg e| wkh pdlq vhfwru ri hpsor|phqw ri wkh idwkhu ri d zrunhu lv wkh prvw
lpsruwdqw lq xhqfh rq wkh zrunhu*v vhfwru suhihuhqfh1 Vshflfdoo|/ d zrunhu zlwk
d wudglwlrqdo iduplqj idplo| edfnjurxqg lv pruh olnho| wr eh lq wkh txhxh wkdq d
zrunhu zkr lv dw ohdvw d vhfrqg jhqhudwlrq xuedq gzhoohu1 Wklv lv vljqlfdqw lq
ylhz ri wkh uhfhqw qdwxuh ri xuedqlvdwlrq lq Hwklrsld hyhq e| Diulfdq vwdqgdugv1 Lw
73vhhpv wr vxjjhvw wkdw wkh odujh lq x{ ri uxudo pljudqwv wr xuedq fhqwuhv revhuyhg
lq wkh odvw wzr wr wkuhh ghfdghv lq wkh frxqwu| lv dw ohdvw lq sduw ixhoohg e|
dqwlflsdwhg sxeolf vhfwru hpsor|phqw1 Jhqghu dqg orfdwlrq ri uhvlghqfh uhodwlyh
wr Dgglv Deded/ dv wkh srolwlfdo fdslwdo dqg e| idu wkh odujhvw xuedq hfrqrp|
lq wkh frxqwu|/ duh qh{w lq lpsruwdqfh dv wkh ghwhuplqdqwv ri vhfwru suhihuhqfh1
Rq dyhudjh/ zrphq duh pruh olnho| wkdq phq wr suhihu sxeolf vhfwru mrev zkloh d
zrunhu lq d surylqfldo wrzq lv pruh olnho| wr eh lq wkh txhxh iru wkh vdph mrev wkdq
d zrunhu edvhg lq wkh fdslwdo1 Rq wkh rwkhu kdqg/ L qg wkdw vnloo dv lqglfdwhg
e| ohyhov ri vfkrrolqj dqg pdunhw h{shulhqfh lv qrw d vljqlfdqw lq xhqfh rq wkh
vhfwru suhihuhqfh ri d zrunhu rqfh zh frqwuro iru lqglylgxdo glhuhqfhv lq hduqlqj
srwhqwldo lq hlwkhu vhfwru1
Rq wkh uhfuxlwphqw vlgh/ L qg wkdw wkh suredelolw| ri d zrunhu ehlqj vhohfwhg
iurp wkh d sxeolf vhfwru mre txhxh ghfuhdvhv zlwk wkh zdjh udwh wkh zrunhu srwhq0
wldoo| frppdqgv dv d sxeolf vhfwru hpsor|hh1 Jlyhq wkh sxeolf vhfwru*v sd| uxohv
dqg wkh frpsrvlwlrq ri zrunhuv lq whupv ri revhuydeoh fkdudfwhulvwlfv/ zrunhuv rq
wkh orzhu hqg ri wkh sd| vfdoh duh pruh olnho| wr eh vhohfwhg1 Wklv lv frqvlvwhqw
zlwk sxeolf vhfwru hpsor|huv pdnlqj frvw plqlplvlqj uhfuxlwphqw ghflvlrqv1 Wkh
k|srwkhvlv ri frvw plqlplvlqj sxeolf vhfwru hpsor|huv lv ixuwkhu vxssruwhg e| wkh
uhvxow wkdw/ dowkrxjk wkh txhxlqj vwdwxv ri zrunhuv lv lqghshqghqw ri vnloo/ pruh
vnloohg zrunhuv duh pruh olnho| wr eh fkrvhq rqfh lq wkh txhxh1 Krzhyhu/ L dovr
qg wkdw zrphq duh ohvv olnho| wr eh vhohfwhg wkdq phq ri frpsdudeoh revhuydeoh
fkdudfwhulvwlfv1
Qrqh ri wkhvh uhvxowv fdq eh uhdg gluhfwo| iurp wkh hvwlpdwlrq ri wkh uhgxfhg
irup vruwlqj surelwv dv zdv grqh iru lqvwdqfh lq Derzg dqg Iduehu+4<;5,1 Wklv lv
ehfdxvh uhgxfhg irup sdudphwhuv idlo wr glvwlqjxlvk ehwzhhq wkh gluhfw pdujlqdo
hhfw ri d yduldeoh rq wkh suredelolw| ri d zrunhu ehlqj lq wkh txhxh ru ehlqj
vhohfwhg iurp lw iurp wkh lqgluhfw pdujlqdo hhfw ri wkh yduldeoh rq wkh vdph
suredelolw| wkurxjk wkh yduldeoh*v hhfw rq h{shfwhg zdjh udwhv lq hlwkhu vhfwru1
Wkxv dowkrxjk p| hvwlpdwhv ri wkh vwuxfwxudo surelwv vxjjhvw vnloo lv qrw d idfwru
lq wkh ghwhuplqdwlrq ri wkh txhxlqj vwdwxv ri d zrunhu/ wkh uhgxfhg irup hvwlpdwhv
lpso| wkdw wkh pdujlqdo hhfw ri vnloo rq wkh suredelolw| ri ehlqj lq wkh txhxh
lv/ lq idfw/ vljqlfdqw dqg qhjdwlyh dw kljkhu ohyhov ri vnloo1 Dw wkh vdph wlph wkh
uhgxfhg irup pdujlqdo hhfw ri vnloo rq wkh suredelolw| ri ehlqj vhohfwhg iurp wkh
txhxh lv odujhu wkdq wkh vwuxfwxudo pdujlqdo hhfw1 Wkh uvw ri wkhvh vxjjhvwv wkdw
wkh h{shfwhg sxeolf vhfwru zdjh suhplxp ghfuhdvhv zlwk wkh vnloo ri d zrunhu1 Wkh
vhfrqg vxjjhvwv wkdw wkh h{lvwlqj sxeolf vhfwru sd| vwuxfwxuh orzhuv wkh uhodwlyh
sulfh ri kljkhu vnloo judghv iru sxeolf vhfwru hpsor|huv lqgxflqj wkhp wr cvxevwlwxwh
74vnloo iru qxpehuv*1 Wkh uhgxfhg irup hvwlpdwhv dovr vxjjhvw wkdw zrphq duh qr
pruh olnho| wr eh lq wkh sxelf vhfwru txhxh wkdq phq exw duh pruh olnho| wr eh
vhohfwhg iurp wkh txhxh1 Jlyhq wkh uhvxowv ri wkh hvwlpdwlrq ri wkh vwuxfwxudo
surelw rq wkh pdwwhu dv uhsruwhg deryh/ wklv lpsolhv wkdw zrphq h{shfw d orzhu
sxeolf vhfwru zdjh suhplxp1
Wkh uhmhfwlrq ri wkh qr0txhxh prgho lpsolhv wkdw d xqlyduldwh vruwlqj surelw
zrxog eh d plvvshflfdwlrq ri wkh doorfdwlrq ri zrunhuv ehwzhhq wkh sxeolf dqg
sulydwh vhfwruv ri Hwklrsld*v xuedq oderxu pdunhw1 Lw lv/ ri frxuvh/ wuxh wkdw li
d vruwlqj phfkdqlvp fdq eh dffxudwho| ghvfulehg e| Srlulhu*v surelw/ wkhq lw lv
dovr dffxudwho| ghvfulehg e| d xqlyduldwh surelw1 Krzhyhu/ lq wkh suhvhqfh ri d
mre txhxh/ d xqlyduldwh surelw vshflfdwlrq ri wkh vzlwfk ehwzhhq zdjh uhjlphv
uhvxowv lq eldvhg hvwlpdwhv ri wkh h{shfwhg vhfwrudo zdjh glhuhqwldo1 Wklv lq wxuq
ohdgv wr d eldvhg hvwlpdwh ri wkh frh!flhqw ri wkh sxeolf vhfwru zdjh suhplxp lq
wkh vwuxfwxudo surelw1 Lw lv qrw wkhuhiruh vxusulvlqj wkdw vrph vwxglhv edvhg rq wkh
xqlyduldwh vshflfdwlrq kdyh uhsruwhg wkh uhvxow wkdw vhfwrudo zdjh glhuhqwldov
gr qrw lq xhqfh fkrlfh ri vhfwru/ zklfk lv/ lqghhg/ wkh uhvxow wkdw L dovr jhw
e| hvwlpdwlqj wkh qr0txhxh prgho1 Dowkrxjk/ vhyhudo h{sodqdwlrqv fdq eh sxw
iruzdug iru wklv udwkhu frxqwhu lqwxlwlyh uhvxow/ wkh hvwlpdwlrq ri erwk wkh txhxh
dqg wkh qr0txhxh prghov vxjjhvwv d uhdglhu dffrxqw ri lw1
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